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New coinless phones

New public payphones which can be
used without cash are coming into
operation in London. This further step
towards the cashless society is being
introduced at major railway and under-
ground stations throughout London.
The phones use a special card imprinted
with five pence call units. Cardphones
will also appear in Birmingham, Glasgow
and Manchester in the next few weeks
and the cards will be available in those
areas as the phones are installed.

To make a call the user inserts the card
in the phone and taps out the number
being called on a push-button pad. As
the call progresses the call units on the
card reduce. A digital readout on the
phone continually tells the user how
many units are left. At the end of the
call the card is returned for future use.
It will still be possible to make ‘999
calls free of charge without inserting
acard.

As well as being used for inland calls,
the Cardphones can be used to ring all
countries on international direct
dialling, which now numbers more than
100 countries including Australia, New
Zealand, Canada and the USA.
Cardphones have a number of attrac-
tions. There is no need to worry about
having enough change. There is no need
to keep feeding the phone with coins
when making international or long dis-
tance calls. It is hoped that the absence
of cash will make the phones less
attractive to thieves and less likely
to be vandalised. And there is no costly
collection of money. About 200 Card-
phones are being installed for the trial
and if the public takes to them more
will be introduced.

A special card — the size and shape of
a credit card — is needed to use the
phone. These cards can be obtained
from post offices and a number of retail
outlets, such as railway station book-
stalls and Travellers-Fare kiosks. There
are two values of card, one of 40 units
costing £2 and a 200 unit card at £10.
The units are imprinted in strips on the
card using holographic technology based
on special patterns of light. This offers
maximum  security against fraud and
forgery. Since this process has a whole
range of exceptional properties it pre-
vents copying or modifying the card.
The unit value, holographically mem
ised on the card, is shown on avisual dis-
play on the front of the phone cabinet
when the card is inserted. Throughout
the call, the Cardphone continuously
calculates the units used and reduces the
value of the card at the rate of the in-
coming metering pulses — erasing units

by a thermal process. The amount
shown on visual display decreases as the
call progresses and units are erased. The
rate at which units are used up will
depend on the distance of the call (ie
whether it is local, trunk or inter-
national) and the time of day. Twenty
seconds before the units on the card
run out, the visual display starts flashing
and the caller hears a warning tone in
the receiver. The call in progress is
undisturbed by the warning signal.

If the caller wishes to continue the call,
he, or she, can press a button on the
cabinet. This automatically removes the
remaining units from the card, stores
them, returns the exhausted card and
allows the caller to insert another card.

The 200 unit card has two imprinted
strips and contains 100 units on each
side. When the first side is used up and
the warning activated, the same method
can be used to return the card so that
the second side can be used.
When a call is ended and the handset
replaced, charging for the call stops
immediately and the card is returned
after a few seconds with any units
remaining. If, after making one call, the
phone user wishes to make another
call, it is sufficient to tap and release the
handset rest. This clears the line for the
next call without returning the card.
If it is required to know the number
of units remaining on a card without
making a call, this can be found out by
inserting the card without lifting the
receiver. The card’s unit value will then
be shown on the visual display.
The steps in making a call are:
— Lift receiver
— Insert card
— Key telephone number on push-
button pad
— Make call
— Replace receiver
— Retrieve card with remaining units
The Cardphone is micro-processor con-
trolled and is programmed so that cer-
tain service numbers — such as directory
enquiries and ‘999’ emergency calls —
can still be obtained free of charge.
British Telecom

(706 8)
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universal LED display

Although a description of the circuit
was published last month, it requires
minor modifications for the printed
circuit board described in this article.
A LED level display using the well
known UAA170 has far more appli-
cations than the thermometer and baro-
meter referred to in the previous article.
In many instances, an indication of a
level is preferable to an exact and precise
reading. With a display of 16 LEDs,
the circuit now provides an easily read
indicator that will prove excellent for
a great many purposes. The 3 ICs, the
LEDs and a few other components are
all mounted on a printed circuit board
that measures just 37 x 82 mm, small
enough to be used practically any-
where.

When a certain voltage is to be measured
with a meter, one of two extreme cases
can occur:

1. The voltage may be too high for the

range of the meter. A voltage divider
consisting of two resistors will remedy
the situation.

2. The voltage is too low. In this case,
since the range is not fully used, the
voltage has to be linearly amplified. Due
to the input series-resistor to feedback
resistor ratio, the amplification factor of
an inverting opamp can be determined
with accuracy. The inverting effect of
the circuit can be cancelled by adding a
second, inverting stage.
Another advantage is that the inverting
opamp with feedback can also act as
an adder, that is another fixed voltage
can be added to the input signal being
measured. This is necessary if the input
voltage level has an offset voltage super-
imposed on it. Let's take an example. A
voltage varying between 8 and 10 V is

universal LED display

including automatic offset and scale adjustment

Another LED display . . ??!!
Before jumping to the conclusion
that our designers are being LED
astray allow us to explain why a
different version of the LED
display published last month was
considered necessary. Voltage
monitoring is not always a simple
matter for the meter must be
adapted to the voltage levels

being measured. The circuit now
contains a ‘front end’ consisting of
three opamps in order to eliminate
the problems of offset voltage
levels and to modify the measuring
and display ranges. This will
enable the circuit to be used

for a variety of applications and
not just for the weather station as
described in the September issue.
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* see text
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Figure 1. The circuit diagram of the LED display. Thanks to the offset and scale adjustments,
the meter has the advantage that improved resolution is possible.
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Figure 3. The component overlay and track pattern of the printed circuit board for the universal LED meter.

to be measured. If a meter is used with a
rangeof 0. .. 10V, only 20% of the dis-
play range will be used. Buta 0..2V
range would lead to an overrange, since
the lowest voltage is 8 V. The answer to
this is to offset the display range by 8 V
by ‘adding’ a negative 8volts. This
method is frequently used in offset and
scale adjustments. Figure 2 shows the
relationship between various input and
output voltages inside the circuit
formed by A2 and A3.
The resistor values shown are relevant
when the circuit is used for the tem-
perature or humidity display. To display
temperature values, connect R5 in the
feedback loop of A2 (R6=270k). In the
case of humidity indications, only R4
(47 k; needs to be in circuit. A single
pole switch as shown can be used here.
The total amplification can be calculated
as follows:

RS

R3

R7:s

R6

The amplification factor should be
sufficiently high to bring the upper
input voltage level to 5,2 V. The re-
quired factor is found by dividing the
Uoutput by the Uinput. Since R6 = R7
this ratio can be related to R3 and R5:

To avoid problems, choose a slightly
greater value than strictly necessary. P1
can readjust it later. P2 helps com-
pensate the offset for temperature
problems. The impedance converter A1
ensures that the circuit has a high im-
pedance input.

Testing and calibrating the circuit
Testing the circuit is very straight-
forward. The input at point C is earthed
and P1 is set with its wiper to the input
of A3. If P2 is now turned to the nega-
tive supply the LEDs should switch on
in sequence. When D16 lights P1 can be
turned back and the LEDs will ‘drop
down’ the row. Return both P1 and P2
to the original settings and carry out the
same check with a positive DC voltage
at the input.

If the display is to be used as a volt-
meter, readers are recommended to use
one LED for each decimal unit (ranges

of 016V, 16V or 16V in other
words).
Fora0 0.16 V range, R5a

70 k
Fora0...16 Vrange, R5b=27k
Fora0...16V range, RS5c

k7

Parts list

Resistors:
R1,R6,R7,R8 = 10k
R2=1k

5 k-Trimmer
P2 =10 k-Trimmer

Capacitors:
C1=10u/16V

Semiconductors:
D1...D16=LED
UAA170
..A3=%1LM324
2

Miscellaneous:
1SPDT switch

To calibrate the circuit, connect 0.1V,
1V or 10V to the input and adjust P1
until the tenth LED (D16) just lights.
The voltage at the wiper of P2 should be
exactly 0 V. If the circuit is to be used
for other than the barometer display,
the input of 1C2 (point X) is linked to
point A. The supply voltage in this case
will then only be 15 V. L]
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shutter

For various reasons electronics
and photography are hobbies that
can often go hand in hand. This is
not surprising, considering the
number of electronic circuits that
can be put to use in photography.
In any case, many electronics ex-
perts and enthusiasts are also keen
photographers. In the past Elektor
has published circuits that were
primarily designed to facilitate the
development process, such as dark
room timers (a version of which is
included elsewhere in this issue)
and exposure meters. On this
occasion, however, our designers
felt it was high time attention was
devoted to photographic
measurement techniques. After
all, the camera has to be able to
take a good picture before it can
be developed into a reasonable
slide or photograph. Shutter speed
is critical but it can differ from
the indicated figure by a fairly
large margin, especially on the
cheaper camera. Bearing this in
mind, a shutter speed meter with a
digital readout would be a very
useful accessory.

shutter speed meter

In recent years some amazing electronic
steps have been taken in the field of
photography. Modern ~cameras are
crammed with all sorts of electronic
components and chips, providing auto-
matic exposure control, shutter speed
control, etc. In fact our electronic
‘brother’ keeps such a close check on
every photographic enterprise that it has
become almost impossible to ‘goof up’
the shot.

The fitting of electronic devices inside
a camera is well beyond the powers of
any electronics enthusiast, however
keen. Apart from that, any photo-
grapher is aware of the great risk in-
volved in ‘fiddling around’. The modern
camera is very much ‘state of the art’
both electronically and mechanically

and merely loosening a few screws is
likely to send thousands of expensive,
microscopically tiny parts flying. Even
if you were lucky enough to find
everything, you'd have to send the
whole lot to the dealer’s and then pray
they manage to put the camera together
again.

Fortunately, there are quite a few
electronic circuits which are not too
difficult to build and which are of
great help in photography. Usually,
for instance, the camera's operation is
not so easy to monitor. All the photo-
grapher can do is check whether the
shutter is working and whether the
diaphragm s still opening and closing,
and that's about it. Well, the diaphragm
shouldn't give too many problems in
practice, but if the camera is several
years old the shutter speed may have
lost some of its precision. Slowing down
the shutter speed will of course cause
every photo to be over-exposed. The
shutter is a very complicated and
delicate mechanism which s _easily
affected by dropping or knocking the
camera. No amount of quartz can
remedy such carelessness!

The shutter speed meter described
here enables the actual period for which
the shutter is open to be measured very
accurately. The photographer can then
decide whether or not the shutter is
still working properly and, if it isn't,
take it to the dealer’s for repair.

The circuit diagram

In order to measure the shutter speed,
the camera itself, ironically enough, can
be used; for while the shutter is open
light through the lens falls onto the
light-sensitive film. By placing a photo
diode or photo transistor behind the
lens the exposure time can be measured
with the aid of an electronic measuring
circuit

An IC is currently available which is

highly suitable for this particular
purpose. This is an extremely versatile
IC and we have used it before in circuits
such as the mini counter and the revol-
ution counter (published last month).
As many readers will have guessed by
now, it is the well known MK 50398N.
This IC contains a six digit BCD counter
(counts both up and down), a latch, a
BCD-to-seven segment decoder and all
the electronics required to control
the display.

The MK 50398N is at the heart of the
circuit diagram shown in figure 1
Above it are the six LED displays
(LD1...LD6) which are common
cathode types.

In addition, a timebase is needed to
provide the counter in IC1 with a clock

frequency. Thisis done by a crystal
oscillator (N7, R4, C1, C2 and of course
a crystal) which produces a very stable
1 MHz frequency. After passing through
the Schmitt trigger N8 and the divide-
by-ten IC2, a frequency of 100 kHz is
left to feed the clock input of ICT.
Furthermore, IC1 has a count inhibit
input (pin 26). A logic one at this
input causes the counter to be disabled.
If, on the other hand, it is pulled low,
the contents of the counter are in-
cremented by one after every ten
microseconds.

The count inhibit input in this case is
used to enable the counter for the time
period that the photo transistor is
illuminated for. The photo transistor
T1 is connected between the positive
of the supply voltage and the input of
Schmitt trigger N9 which is also an
inverter. When lights falls onto T1 it
will start to conduct. The input of N9
will then become logic one and the
output of N9 will be logic zero, so that
the counter inside IC1 is enabled. With
the aid of resistors R1 and R2, T1 is
set so that it will only react to a con-
siderable amount of light.

The counter’s contents, as shown on the
displays, now indicates the shutter
speed in microseconds when the photo
transistor is placed behind the shutter
and a light bulb s situated in front of
the lens. If, for instance, the figure 100
appears on the display, this corresponas
t0 a duration of 1 ms. In photographic
terms this means the shutter time is
exactly 1/1000 s. Now a method has to
be found to reset the counter after
every measurement. This is done with
the push button S2 which connects the
clear input of IC1 to the supply voltage.
Seeing as chips form an essential part of
the electronic diet these days, the power
supply consists of an integrated voltage
regulator (7812) and such nutritious
ingredients as a transformer, a bridge
rectifier and one or two capacitors.
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Figure 1. The shutter speed meter circuit diagram. Nearly all the required functions are carried out in IC1, an MK 50398N IC. A crystal oscillator

acts as a stable reference timebase.

Construction

The printed circuit board on which the
whole circuit is mounted is shown in
figure 2. It is laid out in two sections,
one for the displays and the other for
the rest of the circuit. The two sections
are carefully separated with the aid of a
fine saw, after which the components
can be mounted. IC sockets are defi-
nitely recommended to avoid any
damage being done to the ICs. IC5 can
be soldered straight onto the board and
does not require a heat sink, provided
the secondary transformer voltage does
not exceed 16 V. The two boards are
then linked together with lengths of
wire (connections 1...6 and a...g)
50 that the boards are at right angles to
=ach other. A piece of red Perspex can
5e placed in front of the displays to
improve legibility.

After this the reset key, the photo

transistor and the transformer can be
linked to the board. The wires con-
nected to the photo transistor should
not be longer than 20 cm. The oscillator
can be calibrated with the aid of the
trimmer capacitor C2. This will require
an accurate frequency meter which is
linked to the output of N8. The fre-
quency is then regulated to exactly
1 MHz. However, readers who do not
own such a frequency meter should set
C2 at three quarters of its maximum
capacity and the frequency will then
be sufficiently accurate as well.

Figure 3a gives an idea of what a case
for the shutter meter could look like.
It will house the two boards, the trans-
former, the mains fuse and the mains
switch. The displays are shown at the
top of the drawing with the reset
switch above them. The top of the case
should be covered with a layer of foam

rubber large enough to cover the back
of the camera body. A hole is made in
the middle of the foam rubber in which
the photo transistor is- inserted. The
transistor should be level with the
foam rubber, so that the camera can be
placed on the shutter speed meter
without being damaged and, at the
same time, the layer of foam rubber
prevents stray light from entering.

Using the meter

In addition to the meter and camera
we need a desk lamp witha 60 ... 75 W
light bulb in it. The meter is placed on
a table and the rear side of the camera
is opened or, if possible, removed
altogether. The camera is then placed
on the foam rubber with the photo
transistor exactly in line with the centre
of the lens. In the case of mirror reflex
cameras, make sure that the foam
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2
Table 1.
Shutter speed (s) display reading
1/1000 100
1/500 200
1/250 400
1125 0
1/100 1000
1/60 1666
1/50 2000
1/30 3333
1/25 4000
115 6666
110 10.000
8 125500
14 25,000
12 50.000
1 100.000
Parts List
Resistors:
00 R1 =100k
-3 R2 - 22
o R3 =10k
=~ RA=1M
o RS...R11=2700
©
Capacitors:
c1-22p
C2=4...44p trimmer

C3=120p

€4 = 1000 4/35 V
C5=330n

C6=100n
€7=104/16 V tantalum

Semiconductors:
D1...D4 = 1N4001

LD1 ... LD6 = 7760 (common cathode)
T1 = photo transistor FPT 100 or similar

IC5= 7812

Miscellaneous:
1= 15V, 200 mA transformer

MHz crystal

F1 =100 mA slow blow fuse

$1 = DP mains switch

$2 = push button switch

Figure 2. The two printed circuit boards involved in the meter. These have to be separated
before any components are mounted.




shutter speed meter

elektor october 1981 — 10-07

3

82005 3

Figure 3. Drawing a illustrates the case of the shutter speed meter. The top s covered in a thin
layer of foam rubber to protect the camera and screen the photo transistor against stray light.

Drawing b shows the po:
speed.

ions of the camera, the case and the lamp when checking the shutter

rubber and/or photo transistor does
(do) not come into contact with the
mirror, as this is both detrimental to
the mirror and to the result of the
measurement. In any case; it should be
locked up if possible.

The lamp is placed at about 30 cm in
front of the lens and is then switched
on. Figure 3b illustrates this. The
shutter speed button is turned to the
required speed, the distance is set on
nfinite, the diaphragm is fully opened,
the shutter is cocked and the meter is
eset. The meter's display will then
ndicate zero. After pressing the shutter
Sutton, the shutter speed will appear on
the display. If the display continues to

show zero, it will be necessary to move
the photo transistor and the lamp
around a little. As we mentioned
before, the reading will be in tens of
microseconds. This means the result
will have to be converted into the
normal form of shutter speed indication.
Table 1 shows the display reading at
various common speed levels. If the
reading s to be converted in terms of
1/x, x will represent 10°/reading. The
device's measuring range extends from
1/1000 10 10s.

In the case of mechanical shutters it is
almost impossible to obtain precisely
the same shutter speed at every measure-
ment. The result is bound to fluctuate

slightly. The best solution is simply to
calculate the average by measuring the
same shutter speed ten times. The
reset key is only pressed for the first
measurement. After the procedure has
been repeated ten times, the final
reading is divided by ten and then
compared to the table or applied to
the formula given above. This gives the
average result.

With respect to the values measured,
these will never be absolutely accurate,
as this just is not possible in practice.
So don't worry if the result misses the
mark a little. Most photographers are
delighted if the shutter speeds are
within about 10% of the ideal values.
Even a value within 20% is still a satis-
factory result and a difference of 30%
should not affect the exposure times
in practice.

The shutter speed meter is an accurate
device and, provided it is used sensibly,
will prove to be worth its weight in gold
(or at least, film)! [

Infocard 13 (Elektor 72)
The package for the TL 074 and TL 084 ICs
is indicated as 1V this should be V.

Infocard 21 (Elektor 74)
In the tone and frequency table F octave 2
should be 87.3071.

70cm transverter (1) (Elektor 74)

In figure 6 the pin assignment for the inputs
and outputs of IC1 are the wrong way
around: 2 should be to the left and 1 to the
right. This is correct on the component over-
lay and the printed circuit board.

LED audio level meter

(Summer Circuits Issue ‘81, no. 23)

The text mentions an LM 3819 IC. This should
be LM 3915,

scoreboard

(Summer Circuits Issue 81, no. 1)

The mains connection which is directly con-
nected to the triacs also has to be linked to
the ground of the rest of the circuit. If triacs
are used, IC4 = 1C5 = 74248,

TV games extended

(Elektor 77, p.9-22)

To obtain a good amplitude balance between
PVI tone and PSG explosion, it has proved
better to modify three resistor values:

R9: was 4k7, becomes 1k

R11, R18: was 4k7, becomes 2k2
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economical fridge defroster

Most fridges are based on the straight-
forward principle of compressing and
evaporating a volatile liquid (Freon).
An electric motor drives a compressor
which compresses the Freon into a
liquid. During the process heat is pro-
duced which escapes into the environ-
ment through a radiator (usually at the
back of the fridge). The liquid Freon is
fed to the cooling plates in the fridge
where it is evaporated (into a gas) and in
doing so causes heat to be extracted
from the inside of the fridge (and there-
fore from the products stored as well).

economical

for longer periods and therefore con-
sume more energy. This ends up costing
more than the actual products being
stored are worth! The remedy is to stop
the cooling process whenever the cooler
is covered in a thin layer of ice. This can
be done by unplugging the fridge. When
the ice has melted the water can be
removed and the fridge will start oper-
ating more efficiently again.

A simpler solution is to provide the
fridge with a semi-automatic defrosting
unit. The fridge is switched off by
pressing the (usually red) button pro-

fridge defroster

takes the ice out of the energy price!

unit

Many fridges are with an

to prevent the cooler from icing up. A thick layer of ice will affect
operation and raise the electricity bill considerably. This can be
remedied by defrosting the unit periodically. The trouble is, automatic
defrosting units also consume quite a lot of current and what is more
they produce a fair amount of heat which adds to the fridge’s energy
intake. An electronic fridge defroster, on the hand, manages to do the
same work at a lower energy cost.

Once a certain has been

vided. When the ice has melted on the
cooling plates the fridge is switched on
again automatically.

The modern defrosting units with which
many fridges are equipped nowadays are
fully automatic and so make life very
easy. The snag is, such luxury ends up
putting up the energy bill as well!
A vicious circle . . . What happens is that
whenever the thermostat switches off
the motor, a heating unit (10...25 W)
is switched on thereby heating the cooler
and melting the ice. The water produced
is led out to a special container outside
the fridge. Thus, after every cooling
phase the cooler is defrosted. The
heating element not only consumes
quite a lot of current, but the heat it
produces will have to be removed too,
which again requires energy. In the end
it may be discovered that it is much
cheaper to switch off the automatic
unit altogether, as it defeats its purpose!
Nevertheless, fridges need to be de-
frosted from time to time. An economi-
cal method is to provide the heating
unit with a manual switch. In practice,
the cooler can be kept in an optimum
condition by defrosting it for about half
an hour a day. In some respects, how-

reached the motor is switched off by a

1

After a time, ol
how well the fridge is insulated and th
size of its internal surface area (not its
volume!) and on the difference in tem-
perature between the internal fridge
temperature and that of the room, the
temperature will have risen to such an
extent that the thermostat switches the
motor on again. More often than not the
cooling plates enclose a small ice box in
which frozen products may be stored.
Whenever the door is opened a certain
amount of warm air outside will flow
into the fridge and cause condensation
in the cooler interior. As a result, a
thick layer of ice will eventually form in
the ice box and so make it more diffi-
cult for heat transfer to take place.
Consequently, the motor will operate

n
e

O—

Figure 1. If the circuit of the electrical system
i s all right to
use this economical defroster circuit.
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Figure 2. The circ
31 hour intervals.

diagram for the defrosting unit. With the aid of a timer (IC1) the defrosting syster

sz

is operated for one hour at 7,15 or.

ever, this brings us back to square one,
for we now have to remember to do this
every day, which can be quite a bind.
Fortunately electronics has got the
answer: add a circuit which switches on
the defrosting unit for one hour every 7,
15 or 31 hours, according to choice.
Before readers jump in at the deep end
and grap their soldering irons, it is
advisable to check whether their fridge
does indeed have a fully automatic
defrosting system with a heating unit
that is connected in parallel to the ther-
mostat. (This is usually the case in
fridges that have a built-in ice box). In
other words, the electrical system in
your fridge should correspond to the
one in figure 1. When the thermostat
switches off, the heating unit will be in
series with the (low-impedance) motor.
The current passing through the heating
unit is too low to drive the motor, but
produces enough heat to melt the ice
on the cooler.

Readers who do not have a drawing of
their frdige's electrical system had

better use an ohmmeter (the heating
unit and the wire connections are often
well hidden). Plug in to mains. Wait
until the motor stops and then pull the
plug out. If the meter does not measure
any resistance between live and neutral,
you can be sure that the circuit diagram
described here is not suitable for your
type of fridge. This also refers to semi-
automatic fridges for such types do not
have a heating unit.

If, on the other hand, the measurement
shows that the fridge can be provided
with an electronic defrosting unit (the
resistance measured should be several
k€2) check to see whether you can find
the wires connecting the heating uni
The wires usually connect the therm
stat to the cooler. One of them (it
doesn’t matter which) will have to be
cut to allow the electronic circuit to be
connected in series with the heating unit
(see figure 1).

Note: The cooler should never be re-
moved as this is linked to the cooling
motor.

3

= mwiched on

Figure 3. The pulse flow chart of the levels at the Q6 . . . Q8 outputs of IC1. If all three outputs

are logic 0, the defrosting system will operate.

The circuit diagram

Figure 2 shows the complete circuit dia-
gram for the defrosting unit. In fact the
circuit consists of a simple time switch,
built up around a 4060 binary counter.
This IC contains an internal oscillator
which produces a Q10 output cycle
time of around 112 seconds with the
values chosen for R4, C4 and C5. The
voltage at pin 9 will therefore change in
level after every 56 seconds. This can be
checked with the aid of a voltmeter and
a wrist watch. If this parameter is not
met, adjust the value of R4. A divide-
by-two is situated between every output
in IC1 (the first 5 outputs are not used).
The output at Q6 has a cycle time
duration of about 2 hours (low for
1 hour and high for 1 hour). Output Q7
goes high on the negative-going edge of
this signal and so does output O8.
Outputs Q6 ...Q8 control the triac
(Tri1) by way of diodes D6 . .. D8 and
transistor T1. As a result, thy triac stops
conducting for 7 hours and then con-
ducts for 1 hour (see figure 3). This
triac is connected in series with the
heating unit. As a result, the defrosting
system is operated for one hour at seven
hour intervals, that is, the heating unit is
switched on after the motor stops. If
the motor is switched on again by
means of the thermostat, the fridge will
not be defrosted for an hour after which
it takes another seven hours before the
thawing process is resumed. If after a
few days there is no ice on the cooling
plate (depending on how often the door
is opened!) diode D9 can be connected
to the circuit using the wire link B1, so
that the intervals now last 15 hours. If
necessary, wire link B2 can also be made
1o create intervals lasting 31 hours.

In order to obtain a stable clock fre-
quency, IC1 is supplied with a voltage
that is stabilised by the zener diode D5.
The R1/C3 network makes sure the
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Parts list

Resistors:

Capacitors:
C1=1004u/25V
C2,3=100n
€4,C5=22u/16 V
C6 = 100 /400 V

Semiconductors:

IC1 = 4060
T1=BC547
Tri1 = TIC 206D

D1...D4 = 1N4001
D5 = zener 10 V/400 mW
D10 = 1N4148

Miscellaneous:

Trl =12 V/50 mA

F1 =100 mA slow fuse + holder
3 strain relief glands

plastic case BOC 435 West Hyde

Figure 4. The track layout pattern and component overlay for the fridge defroster printed
circuit board. The board should be housed in a plastic case.

counter is automatically reset when the
supply voltage is switched on, so that
the thawing process always starts first.
Construction

Figure 4 shows the component overlay
and the copper tracking pattern of the
printed circuit board for the economical
defroster. Mounting the components on
the board should be straightforward
enough. Leave the wire links B1 and B2
until later. The triac does not need to be
provided with a heat sink.

As can be seen from the circuit diagram,
the power supply is not grounded — this
is exactly how it should be! The board
must be housed in a plastic case
(BOC 435 from West Hyde). For safety
reasons it is advisable to use plastic nuts
and bolts to fix the board to the bottom
of the case and also to mount the trans-
former onto the lid. In addition, a 3 way
connector (choc-block) is attached to
the inside of the lid with a plastic nut
and bolt. Three holes are drilled in the
lid for 3 strain relief glands for the
mains leads.

The circuit is connected to the fridge in
the following manner. Unplug the fridge
and cut the mains lead in the position
that the defroster circuit is to be con-
nected (in other words, outside the
fridge). The mains lead with the plug,
still hanging on it is passed through the
strain relief and wired to one side of the
connector. The primary of the trans-
former is now wired between live and
neutral. Please, under no circumstances
connect it to the earth wire! The fuse
should also be connected in series with
the primary side of the transformer. The
mains lead that is still linked to the
fridge has to be connected to the other

Photo 1. The complete defroster is housed in a West Hyde BOC 435 plastic case. Note the cable

st

in relief glands and the ‘choc-block’ connector.

side of the 3 way connector. Finally a
2 wire mains lead is soldered to outputs
A and B on the board. The ends of the
lead are led into the fridge and connec-
ted ‘in series’ with the cut wire leading
to the heating device. It does not matter
which way round the wires are connec-
ted, but it is important to know if the
correct wire is being cut (see figure 1).
The case can be mounted on the back
of the fridge.

After a thorough check the fridge can
be plugged in which will start the
motor. If after a few days the cooler is

still not covered in ice, wire link B1
may be added to make the economical
defroster even more economical. If
necessary, link B2 can also be fitted, but
if ice starts to form on the cooler
(several mm thick) B2 should be re-
moved. If this doesn’t help B1 should be
taken out as well. Readers will have to
experiment and see what is best, since
every fridge is different!

Warning! Remember that in spite of the
transformer the circuit may well be con-
nected to a lethal voltage, since it is
connected to mains via the heating unit.i(
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Voltmeters are always useful as far as
anybody interested in electronics is con-
cerned. Junior Computer owners can
use this straightforward circuit and pro-
gram to convert their computer into an
excellent digital voltmeter.

The basis of the circuit is an A/D con-
verter from Intersil. This IC has binary
outputs and will convert the input signal

plete voltmeter circuit for a 3% digit
display including automatic polarity
indication. This means the whole circuit
can be very straightforward.

Figure 1 shows the circuit diagram. The
voltmeter IC contains a 12 bit A/D con-
verter with tri-state outputs. The out-
puts B1...B8 are displayed in two
bytes. Which byte is displayed depends

‘using the Junior Computer
as a voltmeter

With the addition of a small
circuit and the aid of the
accompanying program the
Jui
dig
one at that! The voltmeter has

3% digits and an automatic polarity
indicator, even though the

program is less than 180 bytes
long.

G. Sullivan

level into the BCD code. Since the IC
has tri-state outputs, it is suitable for
use with microprocessors.

The circuit

on the address decoder IC2. The low
order byte contains the eight least sig-
nificant bits and the high order byte the
four most significant bits plus an over-
flow bit and a polarity bit.

The Intersil ICL7109 contains a com- Using the given specifications, the
1 5V
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Figure 1. The digital voltmeter circuit diagram which enables the Junior Computer to measure
DC voltages. IC1 takes care of the whole process, converting an analogue input signal into

12 bit code for the computer.
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input voltage for ‘full scale deflection’

will be 4.096 V. The conversion speed  Table 1.

is about 30 per second. The input range
can be varied by changing the value of  LINE
R2 and by modifying the reference volt-
age which is set by P1.

Thus,

Ufull scale
A2 = 20 uA
Utull scale =2 * Uref.

and

The value of C1 and C2 is determined
by the oscillator frequency used, where

_ 2048 - period - 20 uA
el 35V

and C2=2-.C1.

The 250 kHz frequency that is used for
the converter is derived from the micro-
processor clock. For this IC3 is connec-
ted as a divide-by-four. If required, the
converter may be run at a different fre-
quency by choosing a different output
of 1C3. This will also alter the number
of conversions per second. Because of
the converter’s high input impedance,
input attenuators can be included fairly
easily to provide several voltage ranges.

The program

The program which enables the JC to be
used as a digital voltmeter is shown in
table 1. This will read in the two bytes
produced by the converter, after which
a binary-to-decimal conversion takes
place and the result is then shown on
the display. In the case of a negative
input signal the status of the polarity
flag is detected and a minus sign is
shown on the display. If the maximum
input voltage of the converter is ex-
ceeded, the display will indicate OL
(overload) together with the polarity.

In the circuit diagram in figure 1 the
converter is connected in the ‘free run
mode’. This means it will start with the
next conversion as soon as an analog-to-
digital conversion has been completed.
This is fine under normal circumstances,
but it may prove necessary to detect the
actual moment a conversion has ended
and then read in the data to avoid this
happening while the data is changing.
This can be done by connecting the
status output of I1C1 to PA7 of the port
connector and by using the negative-
going edge of this output to enable an
interrupt (IRQ) at the end of a conver-
sion. The interrupt routine can then
read in and store the two bytes before
the following conversion comes to an
end. An example of this interrupt
routine is provided in table 2

Once the two programs have been
loaded beginning with address 0200, the

353
9933

SOURCE

ST

LTHETER_FROGRAM
L ICL 7183,

SAUTHOR - 6. SULLIVAN

JHIGH NIBLE + FLAGS
OW EYTE

LDEFINE FiR

* = $1RS0
FRA  #=#+l
DIRF #=#+1
FRE  #=h+
DIRE  #=#+1

éuanm =$100C

= 0208

SHAIN DISPLFW ROUTINE
MAIN L TEST OVERANGE BIT

SSHON VOLTS

oL L DISPLAY OL MESSAGE
HOL LTEST FOLRRITY BIT
DISFLAY MINUS
JSR DISTAT
voT  Jek HEXBCD SCONY. BINARY TO BCD

LyoLT mg;u‘v SUBROUTINE

DISYLT LI 7F JSET FIR TO OUTPUT
DIRA
Lo #sec LADIRESS OF FIRST EYTE
LDY #$FF
LODP.
LDA ACUM, Y

JGET BYTE
LIGHT DISPLAY
STEST IF THO BYTES YET

STEST POLARITY
JEHOW - IF NEG.

FRT

LJDELAY ON DISFLAY

T PIR TO OUTFUT

/OET MESSRGE BYTE

+LIGHT SEGHENTS
SELECT DIGIT

S DELAY

~NEAT DIGIT

i
EME DISTAT
ENDD DR #3089 + DISFLAY OFF
i FRE

R
CHRRT L BYTE $7F,$3F,$30

LBYTE $40,$47,580
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LOOF L

HIGH

LOOF2

SOWVERTS RINRY,TO, BCD
HEXECD LA #

b
STR ACUM4+ 1
LDX LE
BEQ HIGH
LDY #8381

+CLERR RCCUMULATOR

L CONVERT LOW BYTE
SUn
ADD
EX
LOOF1
LDA HB LCONVERT HI BYTE
AND #40F REMOVE FLAGS
EQ LAST
LA #3098
TR SUM

AED 1 OR 256 TO ACUM

DD
DELAY
HDD
LAST a“n
LOoF2
HaT Y 44 0L
FRA FRE SCANDL  IDCC  SOM ooz
THER
END OF
Table 2.
1RQ service routi
0380 48 INTS: PHA ; save A
0381 8A TXA i save X
0382 48 PHA
0383 98 TYA s save Y
0384 48 PHA
0385 AD851A LDA 1A 85 ; reset IRQ
0388 AD 00 18 LDA 18 00 ; read high byte
0388 85 DO STA DO ;storeit
038D AD 0118 LDA 18 01 ; read low byte
0390 85 D1 STA D1 ;storeit
0392 68 PLA  restore all registers
0393 A8 TAY
0394 68 PLA
0395 AA TAX
0396 68 PLA
0397 40 RTI ; return to main program

IRQ vector has to be specified:

1A7E 80
1A7F 03

Finally, the initialisation routine which
is needed whether or not the interrupt
routine is used:

0000 8D 86 1A STA 1A 86
0003 58
0004 4C 00 02 JMP-MAIN

Now a reference voltage is connected to
the input of the meter circuit (4 V, for
instance) and P1 is adjusted so that the
display indicates the value of the refer-
ence voltage. In the absence of a known
voltage, any DC voltage of about 4 V
can be used instead and the display can
be compared to that of another, accu-
rate meter.

These instructions make sure the PIA
produces a negative-going edge at PA7
and that the interruptdisable bit is
restored once the processor is reset.
When this has been done and the circuit
in figure 1 is connected to the Junior
Computer, the program can be slarted
at address 0000.
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plug-in EPROM programmer

The 2716 is rapidly becoming one of
the most popular of EPROMs. And with
good reason. The price is right, for one
thing — although we would be the last
to complain if it drops any further!
Furthermore, it only needs a single
supply voltage, which makes life a lot
easier, and it is virtually pincompatible
with the ‘old’ 2708s. The last remaining
obstacle to widespread use is the need
for a means to program them.

The rules of the game are fairly simple,
as shown in figure 1. You need a 25 V.
programming voltage, and a program-

plug-in
rogrammer

program 2716s the easy way!

The circuit described here can be used to load programs or other

data into 2716 EPROMs. For this fairly complicated job it uses only

a single 555 timer and one TTL IC, plus a handful of little components.
Impossible? Not when you are going to use the EPROM in a micro-
processor system! In that case, you can often get the uP itself to do

most of the work.

R. Pequet

ming pulse at ordinary TTL level and
lasting for 50 ms. To be more precise,
the CE pin must be pulled high and then
the OE input is also set to logic 1. This
situation must be maintained for 50 ms,
after which OE and CE go low again. To
check whether this programming cycle
was successful, the data can now be read
out without first having to switch off
the 25 V supply.

A normal EPROM programmer is quite
a complicated machine, since it must be
capable of retrieving the desired data
from another EPROM or whatever;
putting the various signals onto the new
EPROM's pins in the correct sequences;
checking for a successful ‘store’ and
repeating the process if necessary. A
self-contained unit to do this can't
possible be a ‘simple’ circuit. However,
it helps a lot when you hit on the idea
of letting an existing microprocessor
system do most of the work. The
system described here takes this idea
one step further.

In many cases, the EPROM will be in-
tended for use in the microprocessor
system. This means that there will be a
socket for it on the board. A small
auxiliary circuit can be plugged into this
socket, after which the EPROM is
plugged into the top of this. A piggy-
back arrangement, in other words. Four
flying leads go to the auxiliary circuit,
after which the 2716 can be pro-
grammed by means of an ordinary write
operation to the corresponding address!
This is followed by a normal ‘read’ to
check whether the data was transferred
correctly. It is interesting to note that
any single location or group of locations

ApRESSES X “; >l

oF LY

Figure 1. A 2716 is remarkably easy to program. Provided the programming voltage (25 V) is
connected, you only have to ensure that both OE and CE are pulled high at the correct times.

2 et

o

E EPROM

CE EPROM

i B1s4

Figure 2. The circuit converts the W/R and CE signals from the processor into the necessary OE
and CE pulses for the EPROM. Note that O must be low for Read and high for Write.
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Figure 3. The complete circuit. Most of the signals that are present at the original EPROM socket can be left unmodified for programming. The

ori

OPACK for the uP. The supply to the 555 is derived from the 25 V programming voltage.

al CE signal is combined with R/W (the latter is connected via a flying lead) to produce OE and CE for the EPROM to be programmed and

can be programmed in this way. In
other words, starting from an erased
EPROM, bits and pieces can be loaded
at different times — you don’t have to
fill the whole thing in one go.

Before every microprocessor enthusiast
in the Empire goes rushing out to
buy the bits, we must give a word of
warning. For the system to work, it
must be possible to stop the uP during
the write operation — for the required
50ms. In fact, this programmer was
originally designed for the Signetics
2650, as used in the TV games com-
puter, which has an OPACK input for
that purpose. The first thing, therefore,

is to check whether your processor has
an input of this type. If so, the circuit
can almost certainly be used — possibly
with one or two minor modifications.
On the 8085, for instance, the READY
input can be used. Unfortunately, the
6502 has not got this feature and so it
is unsuitable. However, in the near
future we will be publishing a larger
‘Eprommer’ that can be used in all
applications.

The circuit
When using the 2650, for example, the

OPACK signal stops the processor ‘in
its tracks’ as it were, and the data and

address lines remain unchanged. This
makes it an easy matter to keep all the
address and data bits stable during the
50ms programming cycle. The necess-
ary OPACK signal can be generated
quite easily by means of a 555 timer.

The basic requirements are given in
figure 2. The EPROM is enabled by
pulling the CE input low. For a read
cycle, nothing special happens. As can
be seen in figure 3, the R/W input (at
logic 0 for Read!) will cause the output
of N2 to go to logic 1; this, combined
with the logic 1 from N1, will pull the
OE pin low via N3. The data is now read
out from the EPROM in the normal




10-16 — elektor october 1981

plug-in EPROM programmer

Note that, for clarity, D1 and D2 are
not shown in the drawing.

Figure 4. This drawing clearly illustrates the construction. After mounting all components on the p.c. board, short

1594 2

d stiff wires are soldered

through the corresponding holes for mounting the DIL connector underneath and the IC socket on top. Alternatively, a wire-wrap socket can be
used at the top; its pins are long enough to go right through the board to the connector underneath.

way; its CE remains
throughout.

For a write operation, things must ob-
viously become slightly more com-
plicated. The CE and R/W-inputs to the
circuit are both logic @ in this case,
so the output from N3 (i for the
EPROM) is maintained. at logic 1
throughout. Furthermore, the negative-
going edge at the output of N2 triggers
the timer (IC1) so that its output goes
high. This is the signal for the
EPROM. As can be seen in figure 1,
both OE and CE for the EPROM being
at logic 1 corresponds to the program-
ming mode! During the 50 ms output
period from the timer, the OPACK
output is also held at logic 1 to stop

input low

the processor — for an 8085 wP, this
signal can be inverted via N4.

Using the unit

In practical terms, the whole procedure

for programming a 2716 EPROM is as

follows:

© Insert the auxiliairy circuit in the
EPROM socket and plug the (erased)

EPROM into the top; connect the

R/W, OPACK and 25 V lines with flying

leads.

® For the 2650, the program given in
table 2 can now be run: it will load

up to 256 bytes from a specified address

and transfer them to the specified

EPROM address. Obviously, this pro-

gram can be modified or relocated
according to the desired application.
® Disconnect the flying leads, remove

the auxiliairy circuit and insert
the EPROM in its intended socket.
Job done!

There are a few points to note, when
using this circuit in other micropro-
cessor systems. In the first place, the
R/W must be present prior to or, at the
very latest, simultaneously with CE. For
the 8085, this means that ST should be
used instead of WR.

Furthermore, the CE signal for the cir-
cuit should not be derived in any way
from the R/W signal. In practice, this
means that the block address decoder
that selects the EPROM should only be
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Table 1 ‘
PINS CE/PGM OE Vpp | Ve | OUTPUTS
(18) 20 | (@) | (24 |©11,1317)
MODE |t
Read viL Vi +5 | + | Dout
Standby VIH | Don'tcare | +5 | +5 | HighZz
Program pulsed VIL to VIH | ViH |25 | +5 Din
Program Verify ViL [ ViU 425 +5 DouT
Program Inhibit ViL ‘ ViIH +25 +5 High Z
Table 2
0100 xx  xx start address data
0102] xx  xx start address EPROM
0104 xx xx number of bytes
76 60 PPSU
oD/ giif 04 [iLopay|dEle/ntengets is EPROM
02 | LoD | number of bytes in R1 ]
ODBCY DA |i EPROM byte FF? | STPYY/
E4 FF comt
if 4 FF error
2ol BCFR | test next address
59 77 BRNR
74 40 CPSU_|flag =0
09 F1 LODR |number of bytes in R1
04 FF Lob!
el SoRR |weit for 2.5 ms program
OD C1 00| LODA |fetch data
CD E1 02| STRA |datato EPROM EPROM
ED E1 02 | COMA |is EPROM correctly programmed?
98 02 BCFR |if not, error.
59 6F BRNR |next byte to EPROM
40 HLT

Figure 5. The printed circuit board and
component layout. Components are mounted
on both sides of the board. Note that pins 20
and 21 of the DIL plug are not connected to
the board, and that pin 18 is linked by means
of a separate wire to pin 2 of IC2. This is
indicated as ‘CSI on the board.

Parts list
Resistors:

all resistors are 1/8 watt types
CaDacllors
c1=

c2 n 2 u/16 V tantalum
c3=10n
Semiconductors:

5.6 V/400 mW zener diode
= 1N4148

IC1 = 555

1C2 = 74LS00
Miscellaneous:

24 pin IC socket

24 pin IC connector

enabled by some type of ‘address vahd’
signal. For a 2650 system,

M/IO are both possible candidates.
After each programming cycle, the
circuit must be given time to ‘settle’
(25ms at least). In the program
example given, a delay is included for
this.

R1 and C2 give a calculated 555 period
of 45 ms, when C2 has its nominal value.
This is on the short side, but in practice
this type of capacitor has an effectively
larger capacitance in this very-low-fre-
quency application. If measuring equip-
ment is available, R1 can be tailored
until the period is exactly 50 ms; how-
ever, the values given have proved
reliable in all our tests.

Perfectionists may have noticed that the
programming signals for the EPROM are
not quite right: there is no 2 us delay
between the moment that the address
and data is applied and the start of the
OE pulse. In practice, this has never
caused us any trouble.

The 555 gives a delay of at least 200 ns
between the trigger pulse at pin 2 and
the resulting output at pin 3. In prac-
tice, this could mean that the

signal would appear too late to stop the
processor. For a 2650, using a 1 MHz
clock, this signal must appear within
600 ns — so that leaves plenty of time.
An 8085, working on 3 MHz, should
receive the signal within 100 ns. Again,
practical tests have shown that problems

are not likely to occur, however; even
50, it is worth bearing in mind that re-
ducing the clock frequency temporarily
may help to make the programming
procedure more reliable.

One final point: databooks do not
seem to agree entirely on which 2716
pin is the CE and which is OE! How-
ever, if you use the pin numbers given
in the circuit (18 for CE and 20 for ﬁE]
the circuit will work.
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makes building
synthesisers less of a
headache

The American Curtis company has
recently introduced a set of special
music synthesiser ICs onto the
market. These ‘musical chips’ have
now found their way across the
Atlantic and are well worth
looking at (and listening to). The
following analysis weighs up the
pros and the cons.

synthesiser ICs

The four ICs involved are: a VCO
(CEM 3340), a VCF (CEM 3320), a VCA
(CEM 3330) and a voltage controlled
ADSR generator (CEM3310). Before
readers rush out to the shops, however,
it should be mentioned that although
their quality is very good, this does not
herald the ‘perfect IC’, able to do
anything. This simply does not exist.
However, the ICs we're about to intro-
duce are very clever, but nonetheless
still require the assistance of a few other
components. Readers will find the ICs.
to be quite useful — provided they are
properly used. So if you are thinking
about building a synthesiser based on
the Curtis ICs, take heed of the fol-
lowing information and advice . . . and
read the next issue of Elektor, there is
definitely something up the editorial
sleeve!

General remarks

Although the chips are fairly rugged,
24 volts between any two pins will
almost certainly lead to sudden death.
The supply voltage should not exceed
18 V. The data sheets show that series-
resistors must be included to limit the

negative supply voltage: these, together
with an internal zener diode, serve to
limit this voltage. The resistors may
only be omitted if the negative supply
does not exceed —6 V at any time.

The maximum current consumption is
less than 10mA for all four types.
Readers who own a test power supply
with an adjustable maximum output
current should limit this to 10-20 mA if
they intend to use it to power the cir-
cuit. This affords protection in the
event of a short circuit — the chips are
not designed to survive one!

One further warning: don’t add capaci-
tors when the power is still ‘on’. This
could cause voltage transients which
would immediately send the IC to ‘the
big siliconmaker in the sky’. Thus, the
warning in the data sheet ‘not short cir-
cuit proof’ is to be taken quite literally!

The voltage controlled oscillator
CEM 3340

The block diagram in figure 1 shows
that the IC contains all the bits that are
needed to convert a control voltage into
an output frequency. Input adders,

converters, and VCO; and resonance
frequency converters for triangle and
square waves, pulse width modulation
and sawtooth.

Temperature compensation works here
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Figure 1. The block diagram of the CEM 3340. It contains all the components required to construct an exponential synthesizer VCO: inj

adders, a temperature compensated exponentiator,

ingle oscillator, a

converter. The latter

has a control input for pulse width modulation. The IC is highly suitable for use in precision function and wobble generators.

on the basis of multiplying the VCO's
current with a coefficient which is
derived from the absolute temperature.
Provided this coefficient is correctly
adjusted, variations in the exponential
converter’s temperature will be com-
pletely compensated.

The exponential converter’s operating
range covers a total ratio of 1:500,000;
the highest accuracy is in the operating
current range between 50nA and
100 wA. In the 5Hz...10kHz fre-
quency range Cg = 1 nF is a reasonable

have still to be ironed out. Due to
various effects (the transistors’ base-
spreading resistance, which becomes
increasingly important at higher control
currents, and the internal comparator’s
delay time) the higher frequencies tend
to go ‘flat’. One way to compensate for
this has been provided: using a current
mirror, part of the exponential con-
verter output current is fed to pin 7.
This is converted into a voltage, and a
fraction of this is fed back to the input
adder. In this way, an increasing control
voltage is produced at the VCO for

value. It s preferable to use good quality
(such

types).

The reference current is set by means of
RR. In the interests of optimum lin-
earity and stability, this current should
be between 3 and 15 pA. The value of
the summing resistors at the input adder
(pin 15) should be 100 k, to provide the
1V per octave standard control feature.
In principle, it is quite possible to ob-
tain a precise linear volts-per-octave
curve by calibrating every single sum-
ming resistor. It is simpler, however, to
use a preset potentiometer as part of
Rz, since this acts on the total summed
control voltage.

Once the temperature effects have been
fully compensated and the conversion
factor has been set at 1V per octave, dis-
crepancies in the exponential curve for
the frequency range above 3.. .5 kHz

higher Provided the level is
correct, this will straighten out the
volts-per-octave curve.

Practical results

Although the circuit provided in the
Curtis data sheet does work (figure 1), it
is not advisable to use it in this simpli-
fied form. The manufacturer states that
the VCO IC can be operated on +15 VV/
—15V, but omits to mention that the
positive voltage should be adequately
stabilised.

The reason for this can be seen in
figure 1. The reference voltage for the
upper threshold of the comparator is
derived directly (at pin 9) from the
positive supply voltage with the aid of
two integrated resistors of 14.4k and
7.2k, respectively. However, since the

control voltage for the oscillator is not
affected by the supply voltage, every
ripple in the positive supply will greatly
affect the output frequency. The same
is true, to a lesser extent, for the nega-
tive voltage: the internal 6.5V zener
diode serves to protect the circuit
against excessive voltages — it is not
intended as a voltage regulator. If its
temperature stability has been better,
things might have been different. As it
stands, however, the potential at pin 3
alters when the temperature changes,
taking the voltage across Rz and RT
with it. The best results are obtained by
stabilising both supply voltages and
by leaving the internal zener diode out
of action.

A further point concerns the supply
voltages. The full +/—15V has been
found to increase the chip’s leakage
currents considerably. This leads to
excessive drift and poor linearity. In
general, therefore, the supply voltages
should be kept as low as possible.

Also apparent from figures 1 and 2 is.
the fact that the buffered triangular
wave form is connected to pin 10. With-
out any further buffering this is only
suitable for constant loads due to the
relatively high output resistance. Even
a 100k load will shift the oscillator
frequency by 0.15%. This is not sur-
prising, considering that the same
(internal) buffer stage also drives the
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Figure 2. The practical circuit, as suggested by the manufacturer, involves very few components.

B ypa of fier

Figure 3. The block diagram of one filter stage
in the CEM 3320. This IC contains four of
these stages.

[ 820024

Figure 4. One filter stage connected as a low-pass filter with a slope of 6 dB per octave and
unity gain in the passband.

comparator: its output impedance to-
gether with the load resistance make
a voltage divider which alters the
switching  threshold. Thus, where
variable loads are involved, an external
buffer stage at pin 10 is indispensable.
Whereas the frequency drift values
using the IC in the manner indicated in
the data sheet (and figure 1) were
around 0.25% per hour at even highly
stable operating voltages, the circuit in
figure 2 will give a drift of only 0.08%
per hour.

The filter IC: CEM 3320
The CEM 3320 chip is a 24 dB filter,
consisting of four identical filter sec-

5
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Figure 6. The circuit di

82002.

m of a 3320 connected as a 24 dB per octave low-pass filter. A

special feature is the filter resonance voltage control system (Q factor), using a transconductance

(Gm) amplifier as an electronic potentiometer.

tions of the type shown in figure 3.
Operation is simple. Each section pro-
duces a filter ‘pole’ with the aid of a
variable-gain amplifier AA, a capacitor
Cp and a buffer amplifier. The latter
ensures a low output impedance. The
variable-gain amplifier is current-driven,
both at the signal and control inputs.
Moreover, it is fully temperature com-
pensated.

The centre frequency is calculated as
follows:

Alo

A0 Vevy
27ReQU

fe

where A|Q represents the current gain
of the first stage at zero control current
(typical value = 0.9) and REQU stands
for the actual feedback resistance (this
is determined mainly by Rf; the typical
value is 91 k). V¢ is the control voltage
at pin 12 of the IC and V¢ the ‘tempera-
ture voltage’ (about 26 mV at room
temperature).

Figure 4 shows a stage connected as a
low-pass filter. The input signal is fed in
through a resistor R¢ =91 k; this sets
the overall gain to unity. The filter
capacitor is grounded. In the same
straightforward manner, a 6dB high-

pass filter may be constructed (see
figure 5). The signal is now fed in
through Cp. Rc is omitted in this case
to obtain unity gain.

The complete internal block diagram of
the IC is shown in figure 6. All the
variable-gain stages Ap are internally
linked to the output of an exponential
converter.

In order to be able to vary the resonance
of the filter (right up to the point where
it oscillates!) a common transconduc-
tance amplifier Gy has been integrated
on the chip. This simply acts as a VCA
10 vary the ‘overall’ feedback signal.

The best output range and least ‘break-
through’ of the control voltage is ob-
tained at a quiescent buffer output
voltage of 0.46 VCc, thus at 15 V this
willbe 69 V.

The filter circuit
Figure 7 gives a clearer view of a com-
plete 24 dB low-pass filter. The circuit
contains all the components required to
buffer and adjust the system. An input
adder has been connected to pin 12,
for multiple control voltages. This neatly
takes care of one further point: the
basic circuit given in figure 4 would
provide a filter cut-off frequency that
drops when the control voltages rises.
The inverting adder stage ensures that a
rise in control voltage will correspond to
arise in the cut-off frequency.

This circuit allows a range of 10 octaves
to be covered with great accuracy.
P1 sets the lowest frequency (for zero
control voltage). P2 is used to minimise
break-through of the ‘resonance’ control
voltage to the output; P3 does the same
job for the filter frequency control volt-
age. P3 is the easiest to adjust, by con-

Signal

Resonance
Control
0...+10V
820027

Figure 7. The complete, tested circuit of a 24 dB VCF (low-pass) using the CEM 3320. When high stability requirements need to be met (if the

filter

used as a sine wave VCO, for instance) the resistors and potentiometers that are marked with a dot should be metal foil and Cermet types.
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necting a + 300 Hz square wave signal
8 and a full 0...+10V swing (control
3 voltage range!) to either CV1 or CV2.

i With no input signal applied, the level
R at the filter output is reduced to a
L minimum with P3.
O Practical results

The noise level of the circuit given in

figure 7 proved to be around 78dB,
g which is well within the manufacturer’s
Pin3=Vy specifications. Distortion is low: around
0.12% depending on the frequency and
signal amplitude. The break-through !
of a 10V control voltage jump was
found to be only 256 mV once P3 was
calibrated (52 dB below the signal level,
in other words). At the output, the
resonance control voltage was measured
as —40 dB.
The maximum output signal of the
filter was around 13V peak-to-peak.
When used as an oscillator a fairly
symmetrical sine wave form was ob-
tained.
The transition from filter to oscillator
is remarkably smooth. The filters did
not ‘how!’ at critical points like some of
their counterparts. This is partly due to
e the uncritical type of filter used and
STozon partly to the modified linear curve
featured by the resonance VCA. At
higher values the feedback slows down
920028 and so allows for fine adjustment.
Since the remaining temperature drift is

Rolesss Control

jca
Fio 18- ATR Out

=

|
|
v .
around 0.3% per degree centigrade, itis |
Figure 8. The circuit diagram of the CEM 3310 envelope generator. Very few additional hardly worth compensating. As far as
components are required. The normal ADSR envelope voltage is produced. filters are concerned, the total drift may
° 5V
|
A\~ 4
%‘NW ' o et Y
o — ,
= = 8
5
GATE INP.
@) |
Sust. —CV
e 0. +10V sa002-9

Figure 9. The complete circuit diagram for a standard ADSR generator using the CEM 3310,
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Figure 10. Potentiometers offer various preset facilities in th
10b shows how the Attack, Decay and Release times can be adjusted simultaneously with th

2002100

82002100
nvelope generator in figure 9. Figure 10a shows a possible sustain preset and figure
id of an additional potentiomet:

well be 6% (at 20° temperature change,
for instance) and still not affect the
filters, quite apart from the fact that
such drastic changes in temperature
hardly ever occur.

The envelope generator
CEM33101C

The IC requires very few external com-
ponents, as shown in figure 8, and has
excellent features. The attack-decay-
sustain-release times are voltage con-
trolled over an (exponential) range of
about 1 : 50,000. The conversion factor
is 60 mV per decade, which corresponds
to 18 mV per octave. Over an operating
range of 1:10,000 the voltage must
therefore vary by 240 mV. This can be
done with the aid of a voltage divider
which derives the voltage from the
supply. The sustain level is determined
by a linear control voltage.

If several envelope generators are used,
all the control voltage inputs can be
driven in parallel from a single poten-
tiometer. A good control range is
obtained when Cx is 33...68nF. Ry
should not be more than 240 k when
the internal buffer is used and not more
than 1 M when an external FET opamp
acts as a buffer. The time values are
smallest at 0V and increase when the
control voltage becomes negative. The
circuit in figure 8 gives the longest
periods for —5V at the control inputs
(corresponds to —240 mV at the pins).
The sustain level voltage must be in
the 0. ..+5 V range.

Figure 9 shows an example of an
envelope generator using the CEM 3310.
Potentiometers are provided to set the
period times and there is a contiol
input for the sustain level.

The envelope signal is produced across
Cx. P1 sets the gain of the output
amplifier, A1; P2 sets the output
slightly negative (about —10 mV) under

1

Ex. Line
upt CNTL sgns  ONTL
45V e nputt  input 15V

et0vevs<e 10V
Thviveseov
oVEvg< oV

200211

Figure 11. The circuit diagram of the DUAL VCA CEM 3330. This IC contains two voltage
controlled amplifiers which can be operated either linearly or exponentially.
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Figure 12. The complete circuit diagram of the CEM 3330 for linear control. The second VCA is identical to the first, except for the pin

assignment.

quiescent conditions, to turn following
VCAs hard ‘off’.

A useful reference voltage appears at
pin 3: the comparator threshold for the
envelope’s peak value. To prevent this
level from being exceeded by the
sustain voltage, the latter is ‘clamped’ to
it by means of an additional opamp. At
pin 4 there should be a gate voltage of
3...15volts. It is a good idea to add
an attenuator at this input, to protect
the IC.

A 3n3 capacitor derives the trigger
signal required for pin5 from the
positive gate edge. REE is the series
resistor in the negative supply.

The potentiometers and voltage dividers
provide the —240mV  control
voltages. Several alternative arrange-
ments are possible, and figure 10 gives
a few examples. The circuit shown in
figure 10a may be used to preset the
sustain level using a potentiometer,
instead of the voltage divider at pin 9.
In figure 10b, an additional control

reduces all the time values simul-
taneously. When P6 is turned fully
clockwise, for instance, the slowest

attack will only take 25% of the normal
time. Since the total voltage across
every potentiometer also drops by 25%,

the potentiometers can be regulated
with greater accuracy. Figure 10c shows
the basic ranges for attack, decay and
release.

The dual VCA: CEM 3330

Two identical VCAs are included in an
18-pin DIL package and operate accord-
ing to the same principle as the CA 3080
OTAs. Each VCA has its own exponen-
tial converter so that they can all be
controlled either linearly or logarithmi-
cally.

Resistor R|DLE at pin 8 of the ICs sets
the bias current — the smaller the value,
the greater the current, and vice versa. A
low value resistor (not less than 2 k)
leads to less distortion, a high slew rate
and band width, but also to more noise
and less control voltage suppression. If
a greater value (up to 200 k) is chosen
for the resistor, the noise will be re-
duced, but at the same time the distor-
tion will be increased and the band
width and slew rate will be reduced. A
good compromise between the two
extremes is a value of about 6k8.

The VCA in practice

The circuit diagram as published in the
Curtis data sheets required some modifi-

cation. Instead of connecting the RC
network 1k/10 nF between pin 7 and
ground, it should be between pin 4 and
ground. The capacitor at pin 9 can then
be reduced to about 220 pF. If the
VCA is to be controlled by way of the
EXP.CONTR.INP. pin, either pin 7 or
pin 12 must be connected to 10...15V
by way of the resistor RgL (100 k)

The amplifier gain is decreased by 6 dB
for each 18 mV rise in control voltage.
Since most envelope generators already
produce logarithmic control voltages,
the circuit in figure 12 only uses the
linear control voltage input. The circuit
for one VCA is shown; the second is
identical except for the pin numbers
(see figure 11). P1 is the only cali-
bration point and must be adjusted for
unity gain at the maximum control
voltage level.

The circuit has an excellent linearity
of 0.1...0.2%. At 18 kHz bandwidth,
the signal-to-noise ratio was 90 dB. The
crosstalk between the two VCAs is
60...70dB. L]
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construction and
calibration

0 em

Now that we know the theoretical
principles behind the transverter
circuit (see Elektor 74, p. 20), it is
time to deal with the construction
and calibration. Using the printed
circuit boards ensures straight-
forward construction but the
whole of the circuit has to be
screened. Calibration is fairly
critical.

Allin all, the job at hand is not
an easy one which is why every
step in the procedure must be
followed in detail.

P. de Winter PEQPJW

UHF equipment is rather sensitive to
external influences. It is well known
that a tuned circuit, for instance, can be
“detuned’ simply ‘by pointing at it’.
Metal components in the vicinity of
tuned circuits will also affect their oper-
ation at the high frequencies involved
here. As a rule (even at lower frequen-
cies) the circuits can ‘see’ each other,
pick up each other’s frequencies, if they
are in close proximity. To what extent
this affects their tuning depends on
their radiated power (the transverter
will radiate about 10 mW of power
without the help of the output stage).
Unless effective measures are taken to
reduce this phenomenon, therefore, the
transverter is likely to cause consider-
able problems (with the G.P.O. in
particular).

Clearly, success depends largely on the
case and on the screening of and be-
tween the radiating components. Great
care should be taken when putting the
following instructions into practice.

Construction

All the components, except for the
transmit/receive relay and the non-
stabilised power supply can be incorpor-
ated on the single large board. This is
divided into four separate sections, each
containing one of the circuits shown in
figure 6 . .. 9 (see part 1, June 1981).
The board, shown full-size in figure 10,
is designed to allow the transverter to
be built in one of two ways. The board
can either be left in one piece or it can
be cut into four separate sections.
Cutting the board is a little difficult, but
has the advantage that each section can
be screened more easily from the others.
If the board is left in one piece, the
screens will have to be placed on the
dotted lines on both sides of the board.
Whichever method is chosen, the screens
must be at least 3 cm high on the upper
side and 1cm on the lower side. It is
best to use 0.3 mm thick tin or copper/
brass plate. Copper or brass is softer and
therefore easier to cut (even with
ordinary scissors), but they are of
course more expensive metals.

The screens should be soldered along
their full length on both sides of the
board. The necessary ‘plumbing work
for the upper side’ is shown in photos
3...5 (part1, June ‘81) and that for
the lower side is shown in photos 6
and 7. The four edges of the entire
board are also provided with screening
plates to create a rectangular box on
which a removable base and lid can be

The vertical edges can best be made from
four separate strips, in other words,
don’t bend one long strip into a rec-
tangle, as this only causes tension in the
metal when it is soldered at both ends.

It does not matter in which order the
screens are fitted, but before soldering
is started holes will have to be drilled
to allow for connections between the
sections, for the BNC connectors and
for the supply connections. Figure 10
shows where the connections are to be
made. ‘The four solid white blocks are
feed-through capacitors of about 1nF.
These are used on the lower side of the
board and supply power to the various
sections in the transverter. The signal
feed connections are mounted on the
upper side and since feed-through
capacitors are of course prohibited
here, low-capacitance teflon leads must
be used (see photos 8 and 9).

In addition, several other screens will
have to be included here and there. The
dummy load, in particular, has to be

)

well screened to prevent it radiating
to other sections in the transverter. The
component overlay is marked with a
dotted line for this purpose. Photo 4
(see part1) shows clearly how the
dummy load is screened on the upper
side and photo 6 shows the lower side.

A screen will have to be mounted on the
lower side underneath the transmission
converter between L26 and L28 to
prevent the 374.4 .. . 376.4 MHz signal
from radiating through. After all, any
radiation that can be suppressed is
worth the effort. The screen runs along-
side L28 and its position can be seen in
photo 7.

Fitting the screens constitutes the first
step in construction of the circuit. No
components are mounted until this has
been completed as they would make it
very difficult to solder the edges (es-
pecially the resistors in the dummy
load). So: solder the screens first and
then the components.

Mounting the components

Most of the components are easy enough
to mount. It is best to follow the order
in which they appear in the parts list.
The ones marked with an asterisk (*)
however require special attention. These
are R4, R8, R29...R31 and Ry and
Rb, which are mounted during cali-
bration (if necessary). Capacitors C42,
C54, C59, C76 and C82 improve the
decoupling of the strip lines to which
they are connected. These capacitors
therefore have to be mounted directly
on the strip lines, in other words on the
copper track side of the board (see
photo 7). Their wires have to be as
short as possible. They are not shown
on the component overlay, but as can
be seen in figures 7...9 (see part 1),
they are in parallel to C41, C55, C60,
C77 and C83, respectively.

As far as the earthed components are
concerned: always solder them on both
sides of the board! The copper strips in
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the track pattern should be treated as
components in this respect. The sockets
which are grounded must also be ‘plated
through’. This is especially true for L15,
L16, L23, L29 and L31. For this
purpose a length of wire can be inserted
through the two holes in the base in
order to short the upper and lower
sides of the board.

In addition to the parts list the photo-
graphs give an idea of the way in which
to make the coils. The coil in the output
stage, L34, needs to be constructed with
special care, as this largely determines
the output power of the transverter.
Using a 6.8cm length of 1.2mm
diameter  silver-plated copper wire
(CuAg) it should form a circle with a
13 mm inner diameter. The turn ob-
tained is lengthened until it is 4 mm
long. The details are illustrated in
figure 12.

Calibration

The entire transverter can be calibrated
with a little more than a multimeter
The “little more’ happens to be a diode
test head which equips the multimeter
with the additional indication facility
for (UJHF AC voltages.

Figure 11 contains the circuit diagram
for the ‘measuring head’ and pick-up
coil. When connected to a multimeter
with an internal resistance of about
30 k/V or more the indication obtained
is sufficiently clear to allow the various
trimmers to be calibrated. That is all
that is needed for correct adjustment. If
available, the calibration results may be
checked with a grid dipmeter. A TV set
may be used as a test receiver during
an overall test of the circuit.

To prepare for calibration, P1 is set at
maximum resistance and all the other
presetsare turned down (towards earth)
All the trimmers are set roughly in the
mid position.

Crystal oscillator

Using the stabiliser on the receiver
board or an external 12...13.8V
power supply, the crystal oscillator

board is supplied with a voltage and the
78L08 (IC1) may be checked: 8V
across C5.

The crystal oscillator is correctly tuned
by connecting the multimeter as an
ammeter in series with the power
supply line and by slowly adjusting L1
The ammeter will indicate a gradually
rising level until a peak value is reached,
after which the current will drop very
abruptly. At this point the oscillator
switches off. The oscillator should
always start spontaneously at the peak
setting when the power supply is
switched on and off repeatedly. This
will be the case whenever the ammeter
returns to its preset value quickly. In
the prototype this was a level of about
50 mA.

The 57.6 MHz amplifier stage
Together with L6/L7 this stage is

Photo 6. The dummy load will have to be
screened on both sides of the board. Here the
upper side is shown. The screens must be.
soldered along all their joining edges.

Photo 7. The screen between the 374.4 and
the 432 MHz sections of the output
transverter. As a result, the 374.4 MHz
will be better suppressed.

Parts list to figure 10
Resistors:
all 1/8 watt unless stated otherwise
R1,R15=68
R2,R5,R13
R3=470 2
R4 =180k ... 270 k"
R6,R7,R10,R11,R14,R17,R20,R24,R27,
R28,R37,R40,R43,R44,R49,R50,R52,
R29*,R31*
R8=68k... 82k"
R9,R16,R19 = 4k7
R12=150 k
R18, R21 st a7k
R22=
R23, H25 R34 R35 R36,R38,R45,R46,R47,

k
15k

Ry* =1k
P1,P4,P5,P6,P7 = 100 k preset
P2'= 60 k preset

P3 =100 © preset

* = see text

Capacitors:

all ceramic unless stated otherwise

€1,C42*,C54",C59",C76*,C82" = 47 p

c2=22

€3,C21,C74=12p

€4,C5,C8,C9,C20,C48 = 10 n

C6=82p

C7 = 100 n MKM

€10,C12 = 4p7

C11,C13=1p

€14,C15,C18,C23,024,028,C29,C33,C34,
©35,C36,C39,C41,C43,C45,C52,C53,C55,
C58,C60,C61,C63,C64,C65,C66,C69,C70,
C71, c77 C78,C80,C83,C84,C87,C88,

co1

C16,C25, 26,c30,37, €38,C40,C75,C79,
C81,C85=1,5...6p trimmer

c17 cse C57,C62,C67,C68,

10 p trimmer

ciosid »
C22-68p
C27 =29
€31,32=2.... 10/13 p foil trimmer
(C44,C46,C50,C51,C90,

€92 25 p trimmer

€47,049 = 10 4/25 V tantalum
€73=2p2

€89 =47 n MKM

Semiconductors:

T1.74T12

T2,73,75,76 = BFY 90

T7 = BFT 66 (NB: BFT 66 from SGS Ates
has a different lead configuration)

Ta T9,T10,T11,T13,T14 = BF 905

2N3866 or BFY 90 or BFW 16A

1<:| =78L08

I1c2= 7812

Coils
Kaschke coil former and 0.3 mm enam.

L6/L7 =9 + 2 turns
L27 = 6 turns

Striplines air cored inductor
L4 =3 turns 1 mm CuAg 6 6 mm
L5=3turns 1 mm CuAg ¢ 6 mm
tap of % turns from the ‘cold” end
L8,L11,L14 = 1 uH Toko
L9/L10 = 2 turns 1mm CuAg 6 6 mm
L12= 2 turns 1 mm CuAg ¢ 6 mm
(for tap see text)
L13= 3 cm long, 4 mm wide
copper strip (0.7 mm thick)
L15,L16,L17,L22,123,124,L26,
1.28,1.29,1.30,L31 = striplines
L18 =4 turns 1 mm CuAg
L19 = 4 turns 1 mm CuAg
tap at % turn

Note:

L18and L19are wound around an 8 mm drill
and extended to 8 mm

L20 = 4 turns 1 mm CuAg ¢ 6 mm
tap at % turn

L32= 1 turn 1 mm CuAg ¢ 5 mm

L33 = 7 turns 0,4 mm enam. copper wire
63,5 mm extended to 8 mm

L34 = Ca. 1 turn (see text)
1,2 mm CuAg 6,8 cm length

Miscellaneous:

57.6 MHz or 96 MHz crystal without socket;
solder case to ground

FB1...4=5mm ferrite bead
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Photo 8. A view of coils L4 and LS.

Note they are wound in the same direction
and look at the position of the tap! One of
the teflon leads can also be seen.

Photo 9. The air coils L9, L10 and L12
belonging to the 288 MHz multiplier. L9 and

critically couple the band pass filter.

calibrated by adjusting for a maximum
meter reading using the diode measuring
head (without the pick-up coil) connec-
ted to L7. The multimeter is switched
to the 50 A measuring range.

The frequency can be checked by
feeding the signal to a TV set with the
aid of a pick-up coil. The TV should be
tuned to channel 3 (VHF). The fre-
quency will be correct if the normal
off-station picture goes dark when the
pick-up coil is held close to L6/L7.

Tune the multiplier to 230.4 MHz
Coils L2 and L3 have to be set at 115.2
MHz. In order to determine the point at
which the circuits are in resonance, the
collector current of T2 must be
measured by connecting the multi-
meter across R6 (1 V/10 mA).

The current will be at a minimum
level if L2 is in resonance and will
rise when L3 is correctly tuned.

If this is impossible to adjust because
T2 is not conducting, R4 may have to
be included. The value of R4 must be
large enough for the collector current
10 be about 0.5 mA when the oscillator
is switched off. Depending on the base
emitter voltage, its value will be some-
where between 180 and 270 kQ. The
same refers to R8 with respect to T3.
The value of R8 will then be between
68 and 82 Q. In this case the collector
current is measured across R11 (about
0.05V). Coils L4 and L5 can now be
brought into resonance at 230.4 MHz
with the aid of C16 and C17

As is clear in photo 8, the two coils
must be wound in the same direction.
The diode measuring head is linked to
the L5 tap at %turn (see photo 8).
Before they are calibrated, however,
coils L4 and L5 will have to be moved
towards each other (but not touching
each other and thus cause a short
circuit!). The multimeter is then
switched to the 50 pA range again. First
C16 is used to set a peak level, after
which C17 is finally set to a maximum
level. This can be repeated several times
until the maximum level has definitely
been reached. Finally, coils L4 and L5

are moved away from each other until
the indicated level starts to drop. The
circuits will then be coupled critically.
Then the whole multiplier can be
readjusted with L2, L3, C16 and C17,
and the tuning can be checked again, if
necessary, with the TV set, tuned this
time to a frequency slightly above
channel 12. Most TV sets can just about
pick up the 230.4 MHz signal.

Adjusting the multiplier to

288 MHz

This particular adjustment is a lot
easier to accomplish than the previous
one. The diode measuring head is now
connected to the tap of L12. Coils L9
and L10 are bent towards each other.
Only the trimmers have to be set at a
maximum indication level. First let's
deal with the band pass filter and C25
and C26. These trimmers must be
adjusted to a maximum in turn until the
result cannot be improved on. The
output can then be ‘peaked’ with C30.
Photo 9 shows the three coils involved
in this calibration stage. As in this case
of the multiplier which was adjusted to
230.4 MHz, the band pass filter is
critically coupled to L9 and L10. The
method used for this is the same as for
the other multiplier.

The reception converter

The output of the reception converter
is fed directly to the 2 metre receiver via
a 50 Q attenuator, R30. This resistor,
however, should be replaced by a wire
link for the purposes of calibration.
Later depending on the amplification
factor of the converter and the sensi-
tivity of the receiver, an attenuator
network (-5 or —10dB) may be
mounted in R29...R31’s positions.
The band pass filter including L18 and
L19 may now be adjusted with the aid
of C44 and C46 to a maximum noise
level. This section is illustrated in photo-
graph 10. Watch the coil coupling! The
distance between L18 and L19 is deter-
mined by that between the two centre

mounting holes.

The operational range of T7 (BFT 66)
is set with the aid of P1. This potentio-
meter is adjusted so that a voltage level
of 6V appears at the junction of R22,
C36 and L14. With C31 and C32
turned to minimum capacitance, a test
signal may be fed to the aerial connec-
tor socket of the converter.

This may be produced by a powerful
local 70cm station. A suitable fre-
quency is 432.3 MHz, which is the third
harmonic of 144.1 MHz. The rear
receiver must be tuned somewhere
around 144.3 MHz (depending on the
accuracy of the 57.6 MHz crystal). With
the provisional adjustments so far, the
test signal should be fairly audible
already. The S meter inside the receiver
can now be used as a measuring instru-
ment. C37, C38 and C40 set the circuit
at a maximum level indication.

During calibration P2 was grounded, so
the amplification factor of T8 will be
low. After all the trimmers have been
correctly set, P2 may now be turned all
the way up. The final calibration
concerns the input pi-filter. This re-
quires a weak but stable signal that is
received by way of the aerial. The pi-
filter which not only works as a low-
pass filter but also acts as an impedance-
adjustment network, can now
adjusted to a maximum signal/noise
ratio. First C32 is set, then C31 and
then C32 again until an optimum result
is obtained. Note: a maximum noise/
signal ratio does not usually correspond
to maximum noise or signal reception.
The correct level is reached, when even
very faint signals are clearly audible.
This calibration is therefore carried out
entirely ‘by ear’.

The transmitter input converter

A 2 metre transmitter having an output
between 1and 10 W is required to prod-
uce an unmodulated (FM) control signal
to facilitate calibration. In order to keep
the dissipation produced by both the
dummy load and the transmitter to a
minimum, it is advisable to maintain
the power output to below 5 W, as low
as possible in fact.

Before switching on the transmitter,
adjust the 230.4 MHz amplifier. For this
the measuring head is linked to the
junction of gate 1 of T10 and C65. C67
sets a clearly maximum level (if necess-
ary, modify the physical shape of L25
a little). This adjustment affects the
multiplier circuits, so that C16 and C17
will have to be reset. The three trimmers
will need to be adjusted several times, as
usual. This can be checked by measuring
the collector current of T12. This is
done by measuring the voltage across
R43, which will be at a minimum if the
circuit is well tuned.

The 2 metre transmitter may now be
switched on, after which the diode
measuring head and the pick-up coil
(see figure 11) are held near L20. P3 is
now turned up until a valid result is ob-
tained on the meter display (mid-scale
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Photo 10. The output of the reception converter consists of the air coils L18 and L19, some-
times followed by an attenuator network. Note how these coils are mounted!

and this corresponds to a voltage of
1V across R62.

Before calibrating the output stage, a
56 Q resistor must be placed across the
output as a load and the diode
measuring head is placed across this.
The remaining circuit can now be
calibrated, starting with C81 and C85.
Since a band pass filter is involved, these
trimmers are set for a maximum level,
beginning with C85. C86 (in the mid
position) is left in peace for the
moment. Then it is the turn of the
output circuit, for which C90 and C92
are adjusted for a maximum indication.
This completes the rough calibration of
the transverter. Now, with the diode
measuring head across the 56 Q load
resistor at the output, the calibration of
the transmitter section can be slightly
improved. This results in a little more
output power and a clearer signal. Again,
a maximum reading is sought with all
the adjustments.

Briefly, the final ‘tweaking’ is carried
out in the following order. First C62
and then C68 is repeated with the final
adjustment on C68. The same for
C6/C7 and C27, P5 and P6, C75 and
C79, C81 and C85. Now C86 can be
peaked (set at not more than 50% ca-

level, for instance). The pick-up coil is
then placed between L20 and L21. C50
and C51 are then adjusted for a maxi
mum reading. This may mean having to
reduce the control level with P3.

The pick-up coil is now removed and the
measuring head is connected to the tap
of L22 (this is the drain of T10 behind
FB1). During the following calibrations
the 2 m transmitter will of course need
to be switched on, as this produces the
signal that needs to be converted! C56
is adjusted for a maximum reading, after
which C50, C51 and C67 (measuring
head at same test point) are readjusted.
Next the measuring head is moved to
C61. Again, a maximum level is sought
alternately adjusting C56 and C57 and
then C62. Finally, P4 is used to find the
maximum level (in the mid position).
After this rough calibration of the
transmitter input and output converter
may be carried out.

The transmitter output converter
During the first part of the calibration
procedure, this converter does not need
a control signal, because modification
of the 57.6 MHz input circuit is in-
volved. The diode measuring head is
connected between R49 and C72, after
which the core (not shown in figure 9!)
of L27 is set to give a maximum read-
ing. The circuits on the oscillator board
are affected by this, so L6 and L7 will
have to be readjusted. This procedure
has to be repeated a couple of times.
The measuring head is now linked to the
tap of L28 (this is the drain of T13
behind FB3) and C68 is adjusted for a
maximum when the transmitter is
switched on. C62 will also have to be

Photo 11. The 0
transistor used is a

FY 90 typ

1.8 GHz spectrum. The output power is 50 mW (+17 dBm) and the output

readjusted. Trimming L27, L6 and L7
often leads to a further improvement.
With the measuring head still at the
same test point, P5 and C75 are also set
for a maximum. C81 can increase the
reading further, after which the pro-
cedure at this test point may be brought
to0 a close by setting P6 to a maximum.
The drain current produced by T14,
measured across R52, is set with P7.
The correct value will be around 10 mA

pacitance). This affects C85, so that this
will have to be trimmed. Finally, C90
and C92 are dealt with.

The transverter’s linearity is partly de-
termined by the position of P3. If the
maximum input power is less than 10W,
P3 will have to be turned up until a
drop in control power directly results in
a reduction of output power. If this is
not possible, Ry and Rp will be re-
quired. The power produced by T15 is
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about 50 mW, which corresponds to a
voltage of about 1.3V across the 56 £
resistor as measured with the diode
measuring head and the multimeter. At
the given level the quiescent current
passing through T15 is about 10. .. 12
mA, which corresponds to a voltage
level of around 0.5V across R55. A
little more or less will of course be
harmless, provided the quiescent current
does not drop below 1/10 of the collec-
tor current during full modulation
Photo 11 shows the complete 0. .. 1,8
GHz spectrum. In this instance a
BFY 90 was used in the output stage. Figure 11. All the calibrations can be carried out with an ordinary multimeter, provided this
This explains the rather powerful diode measuring head is added to it. The pick-up coil is only used during ‘wireless’

fourth harmonics (1728 MHz); a better ~Me@surements:

performance is obtained with a 2N3866.
The spectrum analyser marker indicates 12
the 432 MHz signal. This means that the
signal peak shown is lower than the
value measured. In reality the peak ex-
1 tends to +17 dBm (= 50 mW).

As photo 2 in part 1 shows, interference
suppression is better than 64 dB within
the band. Outside the band the figure
is nearer 55dB which is not good
enough for direct transmission. The
picture in photo 11 can be considerably
improved by placing a linear amplifier
after the transverter, because the
amplifier will only amplify within the
- band pass range, provided it is well
adjusted. Readers who wish to go on the
air with just this 50 mW level, however,
will have to include another band pass
filter behind the transverter to keep
their conscience as well as the ether
clear. [l

aries 11

ek o
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Figure 12. The constructional drawing for L12. The method shown here will provide the best
results.

I = i =gy I

4
),
>,

e

: o | [N B




10-32 — elektor october 1981

LCD panel meter

Digital panel meters have one major
snag and that is their ‘floating’ input.
This can cause problems resulting in
display errors. The reason for this will
be explained later. On the other hand,
they also have many significant advan-
tages: since they are based on ICs, they
require very few external components
and therefore take up little space. The
IC already incorporates an automatic
zero adjustment, an automatic polarity
indicator, a clock oscillator and a
reference voltage source. The IC used
here can also drive a display, has pro-
vision for an external reference voltage,
indicate an over-range and measure the
input voltage off-earth (although the
latter will cause problems as mentioned

panel meter

a versatile 3% digit display

The use of digital voltmeters as panel meters is becoming increasingly
popular these days. The version described here was originally designed

for the circuit

in the issue, but it can

be used for many other purposes in level measuring devices, mul

meters, power supplies, etc.

above). We will go into the various
power supply methods later, but first
let us look at the circuit itself.

The circuit

For the advantages offered, the circuit is
surprisingly simple, as shown in figure 1.
Only very few components are needed
in addition to the 7106 IC and an LCD
display. The only other active element
in the circuit, the VMOS FET BS170
is merely required for the decimal point
conversion and could even be omitted.
The frequency of the IC internal oscil-
lator is determined by R5 and C2. This
will be about 45 kHz here. The dual
slope measurement process occurs three
times per second. Readers who would
like to pursue the details will find them
in the article ‘Universal digital meter’
published in January 1979.

The automatic zero setting is adjusted
by the value of the capacitor C4. It will
be correct when ‘000" appears on the
display with the input shortcircuited.
C3 acts as a charge capacitor for the
reference voltage during the automatic
zero adjustment.

The IC contains a highly temperature-
stable reference voltage source. This is
about 2.8V typ. and appears between
pins 1 (+Ug) and 32 (COMMON). The
reference for the integrator is derived
from this voltage. The full-scale indi-
cation on the display will correspond to
exactly half the reference voltage. For
example: full scale > 200 mV reference

voltage > 100 mV. This voltage is con-
nected to input REF HI by way of P1.
The input voltage is divided across
R7/R8 into INLO INHI. Voltages
above 200 mV can be measured when
R8 has the following values: 120 k
(equivalent to 2V full scale), 12k
(equivalent to 20 V full scale) and 1k2
(equivalent to 200 V full scale). Since
the voltage is not divided in a precise
1:10 ratio, the display indication has
to be corrected with P1. Another
solution would be to use a convertible
input voltage divider, in which case R8
could be omitted.

The power supply

The panel meter can be powered either

symmetrically or asymmetrically.

1. Symmetrical power supply: the
meter input is grounded. If power

provided is + 5V, then R1/D1 and

R2/D2 are not required for stabilising

the supply. At higher symmetrical

supply voltages the values of R1and R2

are calculated as follows

In both cases ‘B’ and LN LO are con-
nected to each other. The power supply
and the panel meter both have the same
ground connection.
2. Asymmetrical power supply: the
meter input is ‘floating’ and subject
to the problems mentioned earlier:
the meter input can only ‘process’
voltage levels between 0.5 V below +Ug
and 1V above —Ug. If INLO is con-
nected to the ground of the power
supply —Up, input voltages have to be
at least 1V before they can be in-
dicated . . . that is, unless the scale
is adjusted. Something will have to be
done to remedy this. The solution is
to connect the asymmetrical supply
voltage between +Ug and —Up, point
‘A’ to IN LO, thereby causing a floating
off-earth input voltage to be produced.
The asymmetrical voltage can be pro-
vided by a 9V battery which has a life-
span of about 200 operational hours at
a maximum current consumption of
1.2mA.

Construction

The printed circuit board and the com-
ponent overlay are shown in figure 2
and as can be seen, it is very neat and
compact indeed. IC1 should be mounted
on a socket. The LCD display is placed
in IC connectors on the copper side of
the board. Take care — the display is
very fragile! By the way, almost any
type of display is suitable. A few
suggestions have been given in the parts
list. Readers who have difficulty spot-
ting pin 1, should hold the display up
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against the light to see the position of
the decimal point. The decimal point
must be at the lower edge when the
display is mounted. This is where the
connections are marked for the decimal
point (‘1. .*M’).

Calibration

This is very straightforward. A known
voltage level is connected to the input
and P1 is then used to adjust the display
to this value. Obviously, care must be
taken to ensure that the correct
measuring range was selected at the
input by means of R8 or a voltage
divider. Finally, the value indicated on
the panel meter may be compared to
that of an accurate DVM at the same
input voltage. The comparison should
be carried out over a period of time and
any deviation should be corrected

Using the panel meter

Right at the beginning of this article we
mentioned how versatile the panel
meter is. Nevertheless, if ground refer-
enced voltages are to be measured, the
power supply voltage will have to be
symmetrical, If, for instance, the meter
is to be used as a DVM in power sup-
plies, a separate power supply may well
have to be constructed!

If, on the other hand, the meter is to be
connected to the barometer published
in September, there will be no problem.
The various connections are carried out
as follows. The supply voltage is derived
from the barometer’s power supply. The
+Ug voltage of the panel meter is linked
directly to the positive terminal of C8
and the —Up voltage is linked to the
negative terminal of C9. IN HI is con-
nected to the temperature and pressure
outputs of the barometer via a switch.
A second pole of the switch makes sure

T
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Figure 1. The panel meter circuit. It is based on the well known 7106 DVM IC which directly
ives an LCD display. The supply voltage may be selected to provide either grounded or
“floating earth’ measurements.

the decimal point is correctly pos- The digital barometer is calibrated in

itioned. A three-way switch with two
poles is needed for the humidity sensor
for it to be extended into a miniature
weather station

the manner described in the September
issue. Afterwards, P1 in the panel meter
s adjusted to allow the reference
pressure value to appear on the displayl

Parts list

Resistors:

R8 =120 k
P1 = 2k5 10 turn trimmer

Capacitors:
c1=10n

C2=100p
€3=100n
C4=470n
C5=220n

Semiconductors:
D1,02 = 4V7/400 mW zener
T1=BS170

LCD = 3% digit (4305 R 03/data module —
3901, 3902/Hamlin — SE 6902) Standara-
version with 13 mm character height

Figure 2. The printed circuit board and component overlay of the panel meter. IC1 should be
mounted on a socket. The LCD display is fitted with IC connectors on the copper side of the
board.
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high-

A high-speed reliable cassette
terface is extremely useful to
any pP-owner. This circuit
achieves a baud rate of 4800 (!)
with only a minimum of
components.

J. van Laren

high-speed cassette interface

Just about as much has been written
about data storage as about the entire
field of microprocessors, which not only
goes to show what a crucial topic it is,
but also gives an idea of the problems
involved. You rarely hear a computer
complain that his micropro-
is not working; on the other
, people frequently rant and rage
about tapes which their cassette re-
corder could not read. Unfortunately,
such problems are partly unsolvable,
because the recorders used are often
just not up to the job. Data is often
stored on tape in the form of two
frequencies: one representing a_logic
zero and the other a logic one. This is
called Frequency Shift Keying (FSK).

found to be rather disappointing, with
reliability leaving something to be
desired.

On paper, the present circuit does not
look very reliable either. This is because
cassette recorders which are designed for
audio purposes are a lot less error-proof
than their professional counterparts. In
the first place professional cassette decks
operate at a higher tape speed and the
tape is always modulated to saturation
point. Obviously, this is exactly what
audio recorder manufacturers try to
avoid, as this is, of course, audio distor-
tion. In addition, this bias current which
serves to reduce distortion in domestic
recorders is detrimental to the fre-
quency characteristics. All in all, there-

interf:

A further method is to store the infor-
mation in a certain number of pulses
or with a specific interval between

pulses.

These codes have one feature in com-
mon in that they allow several wave
forms or pulses to be missed out here
and there without causing irreparable
data losses. In other words, short drop-
outs and errors in the tape are catered
for. This extra reliability has its price:
since all the data must be stored several
times on tape, the speed is slower. What
is more, the practical results have been

fore, audio cassette recorders are not
very suitable for storing digital infor-
mation. Nevertheless, in practice the
cassette interface described here proves
to be almost as reliable as more conven-
tional systems. The improvement is due
to a much higher transfer speed.

Mr. Tarbell originally ~suggested the
Manchester Il-code for use by amateurs.
This code had been around for a long
time and was also widely used by pro-
fessionals. Although nearly every firm
employed a different version, each
one was based on very similar principles.

i i o) [ [ A ] (R L T AT L
cLocK

Figure 1. The Manchester code is generated from a data and a clock signal. The data determines
whether a negative or a positive-going edge should be produced. If the data does not change in
logic level, additional edges will have to be inserted.
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Figure 2. The truth table of an ordinary exclusive NOR gate, which is highly suitable for use as

an encoder.
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Figure 3. The complete circuit diagram of the Manchester signal encoder. A stage has been included in front of the exclusi
werted at the output with respect to figure 1

synchronise the clock and date. The cod

anera

OR gate to

The Manchester code has a number
of advantages: it is reasonable efficient,
2 clock signal can easily be retrieved
from it and the circuit used does not
have to be complicated. The code
features 50% efficiency, this means that
+he data baud rate may be as high as the
highest frequency.

More recent codes manage to operate
st twice the baud rate using the same
frequency level, but the system involved
is much more complex. The nice thing
zbout the Manchester Il is that the
lowest frequency level is exactly half
the maximum frequency. In other
words, the recorder does not have to
have an absolutely linear frequency
curve which is a great advantage to the
amateur.

In practice this means that, in order to
obtain a data transfer speed of 4800
baud, the cassette recorder must be able
0 reproduce 4800 Hz well. If the fre-
quency range of the recorder extends
up to 10 kHz, a baud rate of 9600 Hz
could even be achieved.

Manchester 11 encoder
What does the Manchester code look
Vke? There are different ways of look-

ing at it and we start here with the most
complex point of view.

Supposing we have a clock signal of
4800 Hz. The Manchester signal must
feature an edge at every negative going
edge of the clock. If the data at that par-
ticular moment is logic zero, this will
have to be a positive-going edge. If, on
the other hand, the data concerned is
logic one, the edge will have to be nega-
tive-going (see figure 1). But what
happens if the data is not constantly
changing? After all, it is impossible to
transmit only negative-going or only
positive-going edges. The remedy is
have to be included halfway between
each data transmission. The information
frequency will now be equal to the
clock frequency.

Judging from above, most readers
should now be able to imagine a com-
plex circuit in which the required pulse
edges are generated using logic gates and
flipflops as memory devices. As it
happens this is not necessary and all
it requires is a single exclusive NOR
gate!

It can be seen from the truth table in
figure 2 that a “1” at input A will allow
the output C to follow the B input.
With a “0" at input A however, the C

output will now invert the B input. In
short, if the clock frequency is con-
nected to input B and the data is sup-
plied at input A, the clock signal will be
inverted or not, depending on the logic
level of the data. This is like “clock-
work" for figure 1, where a data low
inverts the clock and a data high does

not.
Readers are aware that inversion is often
described as a 180° phase-shift. It can
be said then that the phase of the
clock signal is rotated either 180°
(=inverted) or 0° (not inverted). Thus
the Manchester |l system belongs to a
group of codes which use phase modu-
lation since the clock is phase-modulated
by the data. This is known as a “bi
phase code”, in other words two phases
are used, in this case 0° and 180°.

A further aspect makes decoding the
recorded information very easy in
practice. A long pulse period indicates
that the decoder output has to change.
It must become logic 1, when the level
of the period is logic one, and logic
zero, when the level is logic zero.

The decoder
From the latter definition it is a small
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Figure 4. The Manchester code decoder. The cause and effect situation is clarified by the
the chronological order. Note that information may be lost straight after the power supply

repeated.

amere

larged view of part of the signals; the arrows indicate
switched on (at A), which is why initial data is

step to the Manchester || decoder. The
code consists of a combination of the
data and the clock signal and the
encoder has already been dealt with
—this was the exclusive NOR gate.
The decoder is however a little more
extensive.

During each of the longer pulse period
the data must change. A monostable
multivibrator can quite easily detect a
longer period and, when one arrives,
generate a pulse. With this pulse the
logic level of the Manchester Il code
at that time is stored in a memory
— another flipflop. The output of this
flipflop is then retrieved data. After all,
if a longer period was logic one, it
stands to reason that the data must also
be logic one, and vice versa. It's as
simple as that.

The circuit
Now that all the principles behind the

circuit have been explained we can be
very brief about the actual encoder and
decoder circuits. Figure 3 shows the cir-
cuit diagram of the encoder. The data is
usually produced by a UART. In any
case, the clock frequency will have to be
a whole multiplication factor of the
baud rate. In other words, in a 16x
clock the clock frequency will be
16 x 4800 = 76.8 kHz, in a 64x clock
this will be 307.2 kHz, etc.

The 4040 is a binary divider which
divides by 16 (or by 64 if output2 is
taken instead of output5). Flipflop
FF1 ensures that data changes occur
exactly during the positive-going tran-
sition of the divider clock frequency.
This is necessary to prevent the final
data from containing extra pulses
which would confuse the issue. The
Manchester code is derived from the
clock signal and the synchronised data
in the usual manner. Since an exclusive

OR is used instead of an exclusive NOR
the code will be inverted, but that does
not affect the principle.

With the aid of R1 and C1 the square
wave signals are tapered off a bit. Two
outputs are provided: preferably output
A should be used, as output B produces.
an attenuated signal that is meant for
recorders which only have a microphone
input.

Figure 4 shows the circuit diagram of
the decoder. The recorder signal is fed
to a comparator which turns it into a
square wave, N3 polishes up the edges
The Manchester code is now fed to the
data input of flipflop FF2 and also to
monoflop 1 which must detect the
longer periods. Gate N4 is included in
the signal path to monoflop 1 and,
assuming that N4 does not invert,
monoflop 1 will be triggered by the first
positive-going edge to arrive. If the pulse
duration is short, the two monoflops
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Figure 5. An auxiliary circuit for readers without an oscilloscope. This correctly calibrates the
monostable period of monofiop 1. If the baud rate is altered, the calibration procedure will

have to be repeated.
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clock 16 x 4800 Hz

CASSETTE
INTERFACE

Figure 6. A block diagram which shows how to connect the cassette interface to a micro-

processor system.

are reset as soon as the input signal
goes low again and nothing else
happens. If on the other hand the pulse
duration was long, monoflop 2 is
activated at the end of the monoflop
period. Monoflop 2 again generates the
clock pulse for flipflop 2 which then
takes over the data when it arrives at
its D input. As a result, the outputs of
FF2 will (always!) change. The decoded
data can be derived from one of these
outputs. Both of them are available, so
that even the inverted data may be used
if necessary. Which output must be
selected also depends on the type of
cassette recorder in use. If it inverts the
data, the other output will have to be
used.

So far the operation has been de-
scribed  with reference to positive-
going edges. However, there are also
long pulse durations which start with a
negative-going edge. What's more, any

Photo 1. The lower trace constitues the signal
as produced by the cassette recorder. The
output data should change after every long
period. The lower left hand corner shows

a long positivegoing pulse duration followed
by a long negative-going counterpart. The
data changes accordingly.

long pulse duration that starts with a
positive-going edge is bound to be
followed by one starting with a negative-
going edge. The point is, monoflop
1 does not react to negative-going edges
and in this case gate N4 provides the
answer. As soon as the data at the out-
put of FF2 changes, N4 inverts the
phase. Thus, the negative-going edges
are converted into positive-going ones,
and vice-versa. That solves the problem,
as the monoflop can now react to any
type of edge.
Only the very first time are things
likely to go wrong, for instance after
the power supply is initially switched
on. By the end of two long pulse
durations however the circuit should
work correctly. The hesitant beginning
had best taken into account by starting
the program with a synchronisation
byte!
Calibration
Monoflop 1 is provided with an ad-
justment to enable the correct time
value to be set. The monoflop period
must last for not more than three
quarters of the long pulse duration.
With an oscilloscope this can easily
be arranged, otherwise the auxiliary
circuit in figure 5 must be used. This
produces a logic 1 at the output within
the range of P1. It only remains for P1
to be adjusted to the point where the
meter indicates a maximum level
and the calibration procedure is
complete.
During calibration all the points 1 to 1,
2102 and 3 to 3 should be connected to
each other. In addition 4 and 5 should
be linked. These points apply even if the
calibration is carried out using an oscillo-
scope. The signal will then not have to
pass via the recorder but can be derived
directly from the encoder section.
Finally
To avoid any misunderstandings, please
note the following: The Manchester
code is usually implemented for syn-
chronous data transmission. This enables
a whole data block of, say, 256 bytes
to be transmitted. The circuit des-
cribed here, however, is designed for
asynchronous rather than synchronous
data transmission. Slight differences
(small percentages= between the re-
cording and the playback speed are
permitted, since during asynchronous
transnission a break occurs to re-
synchronise the UART after every byte.
During  synchronous transmission, on
the other hand, a different decoder
(one including PLL, for instance) has
to be used to retrieve the clock signal
and so prevent the differences in speed
from becoming too noticeable.
As an ‘extra’, the block diagram of
the cassette interface connections to
the author’s  microprocessor
tem is shown. In principle,
cuit is suitable for any speed, both
higher and lower than 4800 baud. Only
C1 and C4 will have to be adapted
5 L]
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RF-test generator

At one time or another, Ham radio
operators who built their own sets are
going to need a generator for receiver
alignment. A commercially available test
transmitter would, of course, be ideal,
but they tend to be rather expensive
and rather over-sophisticated. In nine
cases out of ten a much simpler device
will do the job, provided it produces a
reliable, stable test signal within the
required frequency range.

There is, however, one snag: an absol-
utely stable generator with an output
frequency that is continuously adjust-
able is almost impossible to obtain. This

measured frequency. The required fre-
quency (here: 9005.000 kHz) must
therefore be tuned precisely with coil
L1. With the aid of the varicap diode D1
the oscillator can be frequency modu-
lated. The useable modulation level
(presettable with P1) is not particularly
high, but high enough to test narrow
band FM amateur and other special
band receivers.

SSB receivers can be ‘whistled through’
with the generator. In order to obtain
intelligible modulation level for such
receivers, the frequency modulation
(FM) should merely be converted into a

RF -test generator

a ‘mini test generator’ for the 2 metre, 70 cm and 23 cm

This straightforward little circuit
will be an extremely useful tool
for high frequency enthusiasts.

It is a kind of ‘harmonic
generator’ that can be modulated
and which will produce test signals
in 9 MHz steps up to the giga
hertz range. It can be used both
for FM and SSB receivers and is a
fairly inexpensive circuit to build.

plus the fact that we are looking for
an economic alternative meant that
another solution had to be found.
A crystal generator was therefore
designed that was capable of producing
a wide frequency range without having
o be tuned. The secret is for it not to
be a ‘clean’ oscillator, but one with an
output signal that contains many har-
monics. Even though it includes an
ordinary transistor, the oscillator pro-
duces powerful harmonics of gigahertz
proportions in addition to its 9 MHz
fundamental frequency!

This means that the test generator could
also be used for reception and trans-
mission on VHF and UHF. The gener-
ator's third harmonics are on the
27 MHz wave band (CB), its 16th har-
monics are at 144.08 MHz (2 metre
wave band), its 48th harmonics are at
432.24 MHz (70 cm wave band) and its
144th harmonics are at 1296.72 MHz
(on the 23 cm wave band).

The circuit is also ideal for testing
speech processors.

The circuit

The remarkably simple circuit diagram
is shown in figure 1. Around T1 there is
a colpitt-like oscillator using a 27 MHz
crystal. This does not make use of the
third overtone of the crystal but rather
the fundamental frequency, this being
9MHz. This happens to be a very
favourable frequency for our present
purpose, since its harmonics extend over
a range that is very practical for radio
amateurs.

When a crystal is used at the fundamen-
tal there is always a considerable differ-
ence between the theoretical and the

wave bands

phase modulation (PM). This can be
done quite simply by connecting a small
capacitor (C1) in series with the modu-
lation input — thus, S1 can now switch
between FM and SSB.

In most test generators a separate at-
tenuator is used to measure a receiver’s
behaviour at very low signal levels. In
this particular case this was found to be
superfluous since the oscillator con-
tinued to be reliable even when barely
operating. It is therefore quite a straight-
forward matter to built an attenuator
by making the emitter resistor belonging
to T1 adjustable. Pots P2 and P3 have a
fairly wide range: at a frequency of
144.08 MHz (2 m wave band) the maxi-
mum output signal is around 1mV
and a minimum of around 30nV (or
0.03 uV)!

Construction

Obviously, building the board (figure 2)
is a simple matter. Even the coil L1
should be no problem; just 22 turns of
enamelled 0.2 mm copper wire wound
around a Kaschke core, type K3/70/10.
If readers happen to dislike this chore,
an adjustable 4.7 uH inductor coil
obtainable from Toko will also be suit-
able.

th the exception of the mains trans-
former, the simple power supply shown
in figure 1 is included on the printed
circuit board. Since the circuit con-
sumes very little current (and therefore
the transformer can be quite small) the
test generator and its power supply can
be a highly compact instrument. When
putting it into a case, be sure to provide
a metal screen between the mains trans-
former and coil L1, otherwise there will
be a lot of hum — a type of modulation
that is not always to be desired! L]
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L= 22tumo102mm
rim 10 905,000 ke

T 20728 ma

Figure 1. The test generator circuit diagram. It is straightforward and purely functional.

Figure 2. The printed circuit board for the ‘mini test generator" is very compact

Parts list

Resistors:
R1,R2,R4 = 220 k
R3 = 5k6

22092
R6 =680
R7,R8 = 3k3
P1 =10k linear
P2 = 100 k linear
P3 =100 k preset

Capacitors:
C1=3n9

ca
C5=1n (cer.)
C6=104/16 V (tantalum)
€7,C8=100 /35 V
€9,C10=47n

Semiconductors:
T1=BC5478
D1=BB105

Ic1 = 78L12
B1 = B40L500 round version
Miscellaneous.

X1 = 27.005 MHz crystal

4.7 uH coil (see text)

24 V/25 mA transformer
SPDT switch

DPDT switch
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wide
dark

electronic developments in the dark room

range

Photography is probably the fastest growing hobby at the present
time and together with all other aspects of life, electronics is involved.
For the iast the scope for combination
of the two hobbies is very wide indeed. Those of our readers who are
fortunate enough to own a dark room do not need reminding that
electronics can almost control the whole process. Although many
applications spring to mind, this is where the project featured in this
article will really be at home. This dark room timer is fully automatic
and its range is wide enough to cater for all but the most exceptional
requirement of photography. As an added refinement, it even controls
the safety light.

wide range dark room timer

Although dark room timers are widely
available from photographic stores,
there aren't many economical do-it-
yourself alternatives. The nice thing
about ‘building your own’ is that you
can modify it to fit in with your own
particular requirements. The circuit

room timer

featured here tries to do just that by
offering a variety of possibilities. The
range of 0.1 to 99 seconds with preset
0.1 second steps is switchable to a 1
second to 999 seconds range with
preset steps of 1 second. In addition,
two LEDs are used to indicate which
of the start and stop buttons has been
operated. Once an exposure Process
has been started it can easily be inter-
rupted if necessary. Both the enlarger
and the dark room lights are controlled
by the circuit. On occasion, the enlarger
has to be switched on independently

1

N1L.oNg =i
0510121

* see text

from 0.1 second to 999 seconds can be selects
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from the timer and this too has been
taken into account.

The circuit

IC4 (4566) produces the reference for
the timer. The IC incorporates divide-
by-five and divide-by-ten counters
together with a puls generator, so that a
50 Hz sine wave signal that is derived
from the secondary of the transformer
can be directly used as a clock signal.
The clock signal reaches the clock input
of IC4 (pin 15) via the filter R1/C4. The
output signal of the divide-by-five is
available at pin 14 and the frequency at
this point is 10 Hz, which corresponds
to a 0.1 period. This signal is fed to
the input of the divide-by-ten, pin 1,
to provide an output signal at pin 6 with
a frequency of only 1Hz. The pulse
duration will be exactly 1 second.
According to the position of the switch
S8 either 10 Hz or 1 Hz clock slgnals
will reach the counter chain IC1 .

At each positive edge of the clock pulse
the count is incremented by one.

When the start switch S6 is operated,
a logic 1 is produced at the output of
the flipflop N1/N2 (built with NOR
gates). The differentiator network C6/
R10 converts the level change into the
positive pulse that is used to reset the
counter chain. This pulse, at the same
time, sets the flipflop N3/N4. The logic
1 appearing at the Q output will now

to switch the dark room lights on and
off. In short, when the start button is
pushed the dark room lights go out and
the enlarger lamp goes on. The relay
should be a 12 V//35 mA type although
the circuit caters for a maximum of
100 mA passing through the relay coil.
In the latter case the current rating of
the transformer must be uprated to
cater if a relay requiring more than
35 mA is used.

The counters IC1...IC3 will start to
count up from 0 upon the arrival of the
start pulse. Once the preset time has
been reached, a positive pulse reaches
the reset input of the N3/N4 flipflop
causing the output of N3 to become
logic 0. Transistor T3 will now stop
conducting — the enlarger lamp will go
out and the dark room lights go on
again. The exposure process will start
again from scratch when the start button
S6 is pressed.

Together with the resistor RO, diodes
D8, D10 and D11 form an AND gate,
the inputs of which are formed by the
cathodes of D8, D10 and D11. The
common anode junction acts as the out-
put. If the preset time does not corre-
spond to the output of the counter
chain IC1...1C3, the output of the
AND gate will be logic 0. A high logic
level will not reach the reset input of
N3 via R9 and D10 until all the cath-
odes of D8, D10 and D11 are connected
to a positive potential, that is, when the

ends. That covers the main principle of
the dark room timer but the system
also has a few additional features.
Switch S5 allows the exposure to be
interrupted at any given time. When
operated, a positive pulse is fed to the
reset input of the N3/N4 flipflop. Tran-
sistor T3 then stops conducting and the
relay switches the enlarger lamp off and
the dark room lights on.

Occasionally the photographer may
need to extend the exposure time.
Again, this has been taken into account
by S7. When this switch is operated
transistor T3 will continue to conduct
regardless of the logic state at the out-
put of gate N3 and the enlarger lamp
can be held on tor as long as required.
The rotary switches S2...S4 have
knobs with transparent ‘skirts’ marked
from 0 to 9. The LEDs D15...D17
are then mounted beneath the front
panel and behind the skirt so that they
illuminate the preset time period. This
allows the controls to be used with
ease in the poor light conditions that
exist (hopefully) in your dark room.
The numbers can be put on to plain
skirts with letteraset if necessary.

LEDs D13 and D14 indicate which
button is ready to operate (START or
STOP). As soon as an exposure pro-
cedure has started, transistor T2 con-
ducts and the STOP LED D14 lights.
This means: the exposure can be inter-
rupted with the STOP key. When this

switch on T3 and activate the relay count equals the preset time. When this happens, or when an exposure has
Rel. One of the relay contacts is used happens of course, the exposure period ended, transistor T2 will stop con-
2

s3 s4

2 o
99/

OFF
°

°
Focus

X1 sec

START

* see text

Figure 2. The front p:

and stop buttons are placed in

82004 2

el for the timer can follow the suggested layout illustrated here although any layout will be suitable providing the start
t positions.
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Figure 3. Except for the switches, the mains transformer and a few other components, the timer is contained on the single printed circuit board

shown here.
Parts list
Resistors: 1C5 = 4001
R1,R10,R13=100 k 1C6 = 7812

R2,R3,R4,R9 = 10 k

Semiconductors;
1...D4,07 = 1N4001

Miscellaneous:
P mains switch

$4 = 10 way wafer switch
5,56 = Digitast switch

D5,06,08. .. D12 = 1N4148 S7 = SPST switch
2 D13...D17 = LED $8 = SPDT switch
Capacitors: T1...T3=BC547 /00 mA slow blow fuse
€1,62,C5=100n IC1...1C3=4017 Tr1=15...18 V/80 mA transformer
C3=470u/35V 1C4 = 4566 Re1 =12 V/35 mA Siemens pcb relay
ducting and LED D14 will go out. Now this switch is set at 1second. For bered that the timer will almost always

T1 will conduct and the START LED
D13 will light. This shows that the
timer is ready for another exposure.
Digitast switches with built-in LEDs
can be used for S5 and S6.

Operation

For the first timing range (up to 99
seconds) switch S8 remains in the 0.1
position; for the 1 ... 999 seconds range

example, a time interval of 9 seconds
requires the following switch positions:
$8=0,1;52=0;S3=9and 54 = 0. Fo
an interval of 153 seconds the switches
are positioned as follows: S8=1;52=1;
S3=5and $4=3.

Construction
The illustration in figure 2 is a suggested
front panel layout. It must be remem-

be in use during poor light conditions
(a dark room should be dark after all)
and it is therefore advisable to place
the start and stop buttons in prominent
positions.

If a metal case is used it must of course
be properly earthed. A plastic case, such
as the Vero type 202-21033A, will be
far safer in view of the fact that liquids
tend to be in abundance in dark rooms
— liquid + 220 V + darkness do not add
up to an ideal mixture. ]
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Teletext is information that is provided
in the form of picture pages on a TV
screen which the viewer is free to select.
The pages consist of text blocks con-
taining 24 lines of 40 characters, which
may be partly replaced by illustrative
graphic information (such as weather
charts, etc.). In principle, the entire
information package could be trans-
mitted 24 hours a day by broadcasting
stations along with the daily programs.
This is possible, because use is made of
two lines during field-blanking interval,
so that the usual program material is
unaffected. Up to 800 pages can be
broadcast during an ordinary program
and these are distributed as 8 ‘news-

.. . that does not require modifications to

the TV set

Teletext is no longer a new word especially to our readers. It is also
well known that a TV set requires a decoder in order to make use of
the service. However, all the decoders available for home construction
suffer from one major disadvantage in that they require modifications
to the TV set itself. It is understandable that this fact is never greeted
with very much enthusiasm. The good news is that the Elektor Teletext
decoder system does not require any modifications to the TV at

all . .. unless you really want to fit it internally. As well as the decoder
itself, an additional “’black box" enables the Elektor Teletext decoder
to be placed between the aerial and the TV set. A lot simpler than
persuading the lady of the house that you really must ““have the tele in

pieces all over the carpet!”

papers’ of 100 pages each. Each page
requires 0.24 seconds broadcasting time
(12 rasters). Since all the pages are
transmitted one after the other, the
average delay will be about 12 seconds
for every 100 pages, which therefore
limits the number of pages. If on the
other hand an entire TV channel was
devoted exclusively to teletext broad-
casts, about 30,000 pages could be

can be broadcast continuously together
with the TV programs. At the moment,
up to 100 pages are being broadcast.

How it all came about
The expression ‘great minds think alike’
is very appropriate here, as the develop-
ment of a teletext system was started
in various countries at the same time.
The leading system was developed in
Great Britain in the research labora-
tories of the BBC and the IBA. The first
practical results were realised in 1970.
The two companies used a field-blanking
system (see figure 1) to transmit inter-
nal program information. The field-
blanking (shown as a black rectangle at
both the top and the bottom of the
picture) contains 25 lines which exist
outside the normal picture. A number
of lines lead to excellent data trans-
missions (see figure 1). The program
identification/information systems used
in 1970 enabled up to 15 characters to
be broadcast per line, which is very
little. New possibilities were created to-
wards the beginning of 1972 when
Teledata (BBC) was developed. This
allowed for up to 32 characters to be
transmitted per line.
In September 1972 the IBA introduced
the Oracle system. Around the same
period the BBC changed the Teledata
name to Ceefax (= See facts). The two
systems are based on the same prin-
ciples, but use different modulation
methods and data transmission speeds.
This means the two systems cannot be
decoded with one and the same decoder.
Obviously, a standard solution has to be
found.
BBC, IBA and BREMA (British Radio
Equipment Manufacturers Association)
and later the GPO sent representatives
to set up a team which in September
1974 published a report with the dubi-
ous title of ‘Specification of Standards
for Information Transmission by Digi
I ded Signals in the Field-blankij
interval of 625-line Television Systems’.
This describes a teletext system that
combines the best characteristics of
both Oracle and Ceefax. In addition,
the new system enables graphics and
colour to be used.
In the same year, albeit on a small scale
to start with, test broadcasts were
carried out. These tests resulted in many
new ideas and in September 1976 the
definitive teletext specifications were
established. The ‘Broadcast Teletext

without any
long delays.
The computer plays a key role in this
communication process. An editorial
team collates the information and it is
stored in the computer memory. When-
ever a page needs to be updated, new
data is entered and the computer en-
sures that it appears on the correct page.
In addition, it is the computer's job to
convert the entered data into an accept-
able form for broadcasting purposes.
The stored pages are combined into an
infinite sequence of pages, so that they

’ gives a description, among
other things, of more extensive graphic
facilities and the decoder described in
this article meets the requirements
stipulated in that specification sheet.

Decoding teletext is by no means easy.
If the decoder were built up with ordi-
nary TTL ICs, a whole bag of chips
would be needed. Thus, Large Scale
Integration (LSI) is the only method to
produce a compact decoder that can be
included inside a television set. Various
manufacturers are currently offering
package deals which allow a complete
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Figure 2. A simplified version of a row filled with teletext data. The modulation levels in the
figure correspond to a logic zero and logic one, respectively.
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2028

Figure 3. The decoder is synchronised to the teletext data

DATA

Clock Runin
Framing
Code.

820013

nal during the clock run-in period.

With the aid of the framing code the decoder detects the beginning of a data row.

together constitute one complete 625-
line picture. To suppress any frame fly-
back takes 25 line periods. The flyback
stroke in modern television is so short
however that usually 6 or 7 lines are
enough. The remaining lines in the field-
blanking interval are therefore available
for other purposes. As early as 1970 the
BBC and the IBA were already making
use of this facility to transmit program
i ion and for test issi
About 15 lines can be used in this
manner. At the moment however only
two lines are being used for teletext
transmission.

The lines are not yet subjected to rules
and regulations and, as far as we know,
a different set of lines is being used in
every country. The Netherlands uses
lines 15, 16, 328 and 329, the U.K. lines
17, 18, 330 and 331, Belgium lines 19,
20, 332 and 333 and W. Germany lines
20, 21, 333 and 334.

Which lines are used makes no differ-
ence to the decoder, as, provided the
information is situated inside the ‘data
entry window’ (see figure 5), the data
will be recognised and stored in mem-
ory. Sometimes the teletext signal may
appear at the top of the picture as an
irritating flashing bar. This phenomenon
is most likely to occur on German sets,
since the teletext lines are very close to
the picture. The reason for this inter-
ference is occasionally due to the
picture height being somewhat too
restricted. This is easily remedied. In
other cases it is due to the way in which
the CRT is built into the set.

The two teletext lines contain digital

decoder to be constructed from a few
RAMs and perhaps a single TTL chip.
After careful i i Elektor

Signal formation

chose the four chip option provided by
Mullard. Before going into detail about
these four ICs, it might be as well to
look at a few technical aspects involved
in teletext.

As earlier, data is trans-
mitted during the field-blanking inter-
val. All the television standards in
Europe are based on a rate of 50 frames
per second. Each frame consists of
312% lines (see figure 1). Two frames

known as data. Here the
logic @ level corresponds to 0 * 2%
brightness modulation and logic 1
corresponds to 66 + 6% (see figure 2).
A whole row of teletext data is trans-
mitted per line for 53 u seconds of the
line period (64 1 seconds). The data on
a single line is made up of 45 bytes
(1 byte = 8 bits). The first three bytes
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Figure 4. Even letext row is preceded by a number of clock run-in periods, a framing code and a combination of the magazine and row

address. In addition, the page header contains the page address, the time code and a number of control bits for the decoder. For increased
the data is transmitted with a Hamming code.

5 are used to synchronise the decoder and
to determine the data’s starting point.

This information is structured around

two ‘clock run-in’ bytes for synchron-

isation purposes and a ‘framing code’

byte to indicate the data’s starting

int.

The remaining 42 bytes contain the

magazine number and the row address

Deta LM (2 bytes) and the codes (40 bytes) for
the line contents. Both the row address

and the magazine number are trans-

L mitted on every row (see figure 4). This
vital information for the teletext
decoder is transferred with the aid of a
special code to reduce to a minimum

1 MHz clock L it o | al co i
A ‘ the likelihood of errors during recep-
fie l tion. Every bit in this Hamming (error

detection) code is accompanied by a
protection bit. To describe the Hamming
code in detail would take too long, but,
in a nutshell, what it does is add extra
bits to facilitate a much more extensive
parity check. This is so efficient that
even mistakes that only appear once can
be corrected, the multiple ones leading
to a rejection of the character received.
The row structure described above is
relevant for rows 1...23. These con-
tain the actual page text. Every page is
preceded by a page header which has
row number 0. This row contains, in
addition to the magazine and row num-
ber, 8 additional information bytes in
xt decoder on its own. The decoder in this form is Hamming code. These bytes take the
place of 8 text bytes, so that the page
header may never exceed 32 characters.

2x2118

Figure 5. The block diag
only suitable for fitting
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text converter is obtained which can be installed without difficulty between the aerial and the
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iagram of the Video Input Processor.

The information bytes contain a reliable
time code and eleven link bits to let the
decoder know what kind of teletext
page is being received. C6 for instance
(see figure 4) serves to switch on the
sub-title facility.

The block diagrams
All in all, the teletext signal has a rather
complex structure, and is therefore not
very easy to decode. Thanks to LSI
technology, however, most of the
necessary electronics is included in only
four chips. Figure 5 shows the functions
that each chip fulfils in the form of a
block diagram.

The page memory and the keyboard
interface are the only other

The video signal is then derived directly
after the video detector in the TV set.
After being decoded, the teletext signal
(Y + sync.) is fed to the TV set at the
same point. Obviously, the connection
between the video detector and the
video amplifier will then have to be
broken.

Block C can be connected in roughly
the same way and provides a few more
facilities. It will still be necessary to
modify the TV set, but the teletext
pages will be shown in colour of a
reasonable quality.

The above alternatives mean having to
open up the TV set. Even though this is
a relatively easy task as only one signal

wire has to be cut, it is obviously best
not to fiddle around with a television
unless readers really know what they are
doing! The point is, every type of
television will require a different oper-
ation so that it is impossible to give a
standard recipe. Nonetheless, an ex-
perienced hobbyist should not have
too many problems provided the
instructions given below are followed
with care.

A teletext converter can also be fitted
into the set. This can be done by adding
block A to the decoder. The aerial is
connected to the teletext converter and
the VHF output of the converter is
linked to the aerial input of the TV set.
The result is a highly acceptable teletext
picture and saves having to ‘operate’ on
the TV.

LSl chips

Although the block diagram gives a
fairly simplified view of the teletext
decoder, the latter will be seen to be far
more complex in reality. In fact it is so
complicated that a block diagram has to
be provided for each chip to be able to
clarify the circuit’s function.

The teletext decoder is split up into an
analogue and a digital section. Before
the digital teletext information can be
‘gleaned’ from the video signal, this
signal has to undergo a number of ana-
logue processes. This is taken care of by
the video processor.

SAA 5030 VIP

(Very Important Processor)

This Video Input Processor fulfils two
main tasks: the video signal is split up
into a data and a synchronisation sec-
tion (see figure 7). The synchronisation
divider produces a substitute synchron-
isation signal for the TV set (only used
if the decoder is included inside the set).
At the same time this signal is used asa
reference for a 6 MHz Phase Locked
Loop. The VCO in this PLL is a 6 MHz
crystal oscillator which can therefore
only be mistuned by a small degree.
This is necessary, since this oscillator
must be able to produce a fairly stable
signal even in the absence of the refer-
ence signal.

which the decoder chips need in order
to be able to operate properly. With just
a few ‘extra’s’, a decoder can be built
into any TV with the aid of this block
diagram. In most cases however this
will result in quite an operation, how-
ever, especially if the teletext pages are
to be shown in colour. If the user
restricts his requirements to a modest
system and decides against colour with
only essential switching on the key-
board, the circuit can be built fairly
easily into the television set. The sim-
plest way to do this is indicated in the
instructions provided later on in this
article. Figure 6 shows the various
connections in the form of a single
block diagram. The simplest solution
uses only block B and the keyboard.

8

Figure 8. The block diagram of the Teletext data Acqui
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Figure 9. A block diagram showing the interior of the Timing Chain.  Figure 10. xt Road Only Memory.
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Figure 11. The graphic characters are directly linked to the bits
belonging to the code words. The drawing shows the significance each

bit has within a graphic sign.

Figure 12. Character rounding improves teletext readability
makes it a lot better than other si

even fiaia

s00112

and

ilar text display systems.

Interlacing is used to double the 5 x 7 matrix.

A phase detector provides the oscillator
with a control voltage and compares a
frequency derived from the 6MHz
(15,625 Hz derived from the SAA 5020
see figure 9) to the incoming synchron-
isation signal. This has the effect that all
the clock signals inside the decoder can
be latched to the incoming video signal,
so that the program and the teletext
page may be transmitted simultaneously,
one on top of the other.

A signal quality detector determines
whether the latch function really took
place. If the video signal is poor or
totally nonexistent, all the clock signals
are derived from the (unlatched) 6 MHz
signal. In this particular case the TV will
be fed with the AHS signal (After Hours
Sync, derived from the SAA5020) so
that a (previously received) teletext
page can be displayed.

The data section in the SAA 5030 serves
to separate the teletext data from the
video signal and also to generate a clock
signal to process this data. The ‘clock
run-in’ section of the teletext signal is
used to synchronise a loop circuit to the
data clock frequency of 6.9375 MHz
(= 444 x 15625 Hz). An internal delay
line ensures that the positive-going edge
of every clock period occurs exactly in
the middle of the received data bit.

SAA 5041 TAC

The ‘brain’ of the teletext decoder con-
sists of the SAA5041. This chip deals
with the control and data processing
tasks. TAC stands for ‘Teletext data
Acquisition and Control’ (see figure 8).
The teletext data is only received in a
certain area of the field-blanking inter-
val. It is only during this period that
the SAAS5041 may take action to
prevent the wrong data from being pro-
cessed.

This is done by the DEW signal (Dala
Entry Window) derived from
SAA5020. Data received during thls
DEW is split up into the sections shown
in figure 4. Depending on the nature of
the data, either Hamming or parity
checks will be carried out. Any charac-
ters that do not have a suitable parity
are written as a space in memory to
prevent them from affecting the final
teletext page. If the page is received
again, the ‘gaps’ are filled with the
correct characters, if at all possible.

The row numbers are passed on to the
row address latch as part of the page
memory addressing. If the row number
is zero (0) the page numbers are com-
pared. If the page number corresponds
to the number (DATA + DLIM) selected
by way of the keyboard, the new

information is stored in the page mem-
ory. For this the serial data is first con-
verted into 7 bit words.

In addition to page numbers the key-
board can give a few other commands
which are decoded and carried out by
the SAA5041. Examples are: enlarged
displays of half a page, a time indication
at the top right-hand corner of the
picture (during ordinary programs) and
a mixture of program and teletext
picture.

SAA5020TIC

The Timing Chain SAA 5020 constitutes
the clock in the teletext decoder. The
divider stages of the SAA 5020 produce
all the control signals which are necess-
ary to display a teletext picture. This
includes the DEW and AHS signals
which were described earlier. In ad-
dition, the TIC provides several control
signals for the character generator
SAA5051. Page memory addressing is
also taken care of by the TIC. For this
the IC generates a 5 bit row address and
a clock signal (RACK) for the external
address counter which must address
the 40 columns on a single row (see
figure 5). The counter configuration
consists of a divide-by-ten followed
by a divide-by-24 and partly reveals the
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, or rather
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significance hm as they are adapted especially for telatext purposes.

page structure: 24 rows of 10 picture

lines each.

SAA 5051 TROM

After the SAA5041 TAC, this Teletext
Read Only Memory chip is by far the
most important IC in the entire
decoder. The TROM not only acts as a
character generator but also fulfils a
number of other significant tasks. As
can be seen from figure 10, the chip
decodes control characters, switches
colour outputs, generates both alpha-
numeric and graphic characters and
converts parallel bit patterns received
from the character ROM into a serial
signal. Finally, it processes each charac-
ter that is to be transmitted until the

matrix  format fades (characters
rounding) and each character is clearly
legible.

The page memory controls nearly all
these functions. All that the signals
produced by the SAA5020TIC do is
make sure everything happens at the
correct time. The code in which the
teletext information is transferred is
practically a perfect copy of the ASCII
code. The codes ‘unprintable’ (or illegal)
characters are often used in a computer
as control characters. This is the same
case in the teletext decoder, only here
the code words have a different
meaning. Table 1 shows the relation-
ship between the code and the charac-
ter set + control codes. Wherever necess-

ary, a more detailed explanation will be
given in the section describing the use of
the teletext decoder to be published in
a forthcoming issue.

Whenever a control code is used some-
where in the middle of the page text,
the corresponding place on the screen
is filled with a space. Although this
means that every transition from text
to graphics and any change in colour
will result in a space, this is not notice-
able in practice. This decoder control
method has the advantage that no
additional memory space is required.
The page memory of a teletext decoder
can therefore be restricted to 1 k byte.
In any case only seven bits of every byte
are used. The 64 graphic characters
shown in columns 2a, 3a, 6a and 7a in
table 1 are derived directly from the
seven bit code word. Figure 11 illus-
trates how a graphic character is made
up of various bits. Bit 6 is not used,
because this is always logic 1 (see
table 1).

Characters are formed according to the
well-known 5 x 7 matrix. Usually text is
written on the screen in the non-inter-
lace mode. This means that the two
fields which make up the picture are
written on top of each other instead of
being interlaced (see figure 12). In the
case of teletext, however, the interspace
mode is used for improved readability.
As figure 12 shows, the diagonally op-
posed matrix dotsin a character undergo
a sharp transition which is detrimental
to the character’s legibility. The TROM
detects such transitions and adds half
a dot wherever necessary in the even
raster. This doubles the matrix density,
resulting in a 10 x 14 matrix. The final
product is an easy-to-read, well-rounded
character.

Preview

The complete decoder is drawn in fi
ure 13 and, as readers will see, is a
rather complex project and impossible
to describe in full detail here. The main
circuit diagram is made up of two sec-
tions, the actual decoder and the con-
trol unit. Further details will be saved
for a following issue. M
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13

Figure 13. The actual teletext decoder circuit diagram. This section roughly corresponds to the block diagram shown in figure 5.
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Flat-screen display units

Two flat screen electro-luminescent display
panels, one intended mainly for messages and
the other for general graphics, have been
launched in the U.K. by Impectron Limited.
The units, both manufactured by Sharp
Corporation, are only 39 mm thick and of
extremely lightweight construction.

Each unit inforporates all necessary decoding
and drive circuitry, and both make use of the
well established electro-luminescent principles
in which light is emitted when an luminescent
layer is excided by an applied electric field
The Message Display Unit, model S-1050, pro
vides a screen area of 186 x 50 mm, contain-
ing 65,536 pixels (picture elements). It is con-
structed using 512 lines of vertical transparent
electrodes on a glass substrate, upon which a
layer of luminescent material is sandwiched
between two insulating layers. On top of
these layers is a stratum of 128 lines of hori
zontal electrodes. When an appropriate drive
voltage is applied to one vertical and one
horizontal electrode, one pixel at the ‘crossing
point’ emits a bright orange-yellow spot of
light measuring approximately 100 um square.
The Graphics Display Unit, model S-1021A,
operates on exactly the same principles, but
has 320 lines of vertical electrodes with
240 lines of horizontal electrodes — providing
3 total screen of 76,800 pixels.
Both t/pes of display incorporate logic and
driver circuits which may be controlled from
externally applied signals, and both types may.
used to display moving or stationary
graphic patterns, symbols or characters as
required. Four input signal lines are required,
ie. data signals, data transfer clock, horizon-
12l synchro signal and vertical synchro signal
— as well as power supply lines. The desired
sisplay position of any image is specified by
selecting the appropriate vertical and hori-
zontal electrodes in an X-Y matrix. Because
2ach pixel is generated at a fixed point, the
mage is sharp, stable and without either dis-
sortion or glare. The orange-yellow colouring

and uniform distribution of luminous inten-

seconds long. The module’s phrase selection
can be simply increased by the addition of
TMS2532 (or TMS2516s for shorter
phrases). If microprocessor control of the
module is required, the addition of a TTL
part buffers the Tinytalker for interface to
any parallel output port

An evaluation EPROM and full instructions
are included with the Tinytalker. Other
hrases be built from TI's extensive
speech “library’ or — for production system

— ca

The Tinytalker and speech library are avail-
able through all TI’s franchised distributors.
Texas Limited,

sity also combine to v X
Each unit is offered with two control-board
options, for simplified interfacing with micro-
The $-1026S Unit Inter-

, while the S-1026F
board is used for full graphics display appli-
ations. A separate power source unit (desig-
nated $-1040) is also available

Impectron Limited,

Foundry Lane,

Horsham,

West Sussex RH13 5PX.

Telephone: 0403.50111

(2111 M)

Low-cost speech module

The Tinytalker is claimed as the simplest
introduction yet to low-cost speech synthesis.
Just announced by Texas Instruments, it is a
self-contained unit which speaks any of eight
phrases at the touch of a button. Add a 9 V
supply and loudspeaker, says T, and it is
fully operational. Priced at £39.50, it can be
interfaced with microprocessor control for
such applications as warning systems and
video games.

Tinytalker uses the TMS 5100 voice synthesis
processor, linked with three TTL parts and
the TMS2532 EPROM to make it a stand-
alone module. A single EPROM holds eight
phrases, each of which — through the high
data compression of TI's Linear Predictive
Coding technique — can be more than four

Manton Lane,
Bedford, HK41 7PA.
Telephone: 0234.67466

(2106 M)

World’s first 64K bipolar PROM
Harris Semiconductor has introduced the
world's first
grammable
HM-76641 is a monolithic device, utilising the
same basic process technology as the Harris
HM-76161 16K PROM. The 64K PROM is in
an 8K word by 8 bit/word format, currently
available in a 24-pin DIP and guaranteed over
the commercial temperature and voltage
ranges.

The new device has a TAA (Address Access
Time) of 85 NSec maximum. The HV-76641
offers a four-fold increase in memory size
over currently available 16K PROM's in the
same 24-pin package and with approximately
one fourth of the power dissipation per bit
The device is programmed with the Harris
generic PROM programming specification.
Therefore, presently available commercial
PROM programming equipment will program
the HM-76641

Harris Semiconductor,

Harris Systems Limited,

145 Farnham Road,

Slough,

Berkshire.

Telephone: 0753 34666

(2104 M)
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Light weight wire wrapping tool
OK's EW-7D electrically-powered wire
wrapping gun has been designed for pro-
duction use with 22 - 32 AWG (0.8 - 0.2 mm)
wire, having a rugged motor designed for
extended periods of use with long life and low
maintenance.

The tool’s body is made of a tough reinforced
plastic, for lightness. Versions are available
incorporating a backforce device which
prevents over-wrapping, which could occur
with inexperienced operators, and a reversible
model can also be supplied for both wrapping
and un-wrapping.
wrapping bits and sleeves,
various wires, complements the EW-7D.
OK Machine & Tool (UK) Ltd.,
Dutton Lane,

Eastleigh,

Hants SO5 4

Telephone: 0703 610944

(2069 M)

New multi-LED arrays
Recently introduced by ZAERIX Electronics
Ltd. a new range of multi-LED arrays provide
a choice of 2, 3, 4 or 5 segment LED lamp
units, all housed in black bezels.
Being fully end stackable and thereby
enabling multiple arrays of any number of
assembled, the housings are
push-fit
dimensioned panel cut-out.
Available in any combination, the diffused
lens range is red, green and yellow, behind
which are housed red (GaP), green (GaP) and
yellow (GaAsP/GaP) LED's, giving up to
1.5 MCD @ 20 mA luminous intensity.

into a correctly

Capable of operating over a temperature
range Of —40°C to +80°C, typical power
dissipation figures are 120 MW and wave-
lengths at peak emission are 695, 565 and
585nm for red, green and yellow respect-
ively.

Zaerix Electronics Limited,

Aa by srm

London W2

Telephone: 01 221 3642

(1997 M)

The Heat Beaters!

A recent addumn to the thermostat range
from Cetror namics, the dual-purpose
Titherm thermo switch will provide protec-
tion against over current or dramatic heat rise
in ambient temperature. If required, both
these functions can be combined, using the
same thermo switch, by choosing the correct
rating

‘Wo types are available — 5 amperes in a glass
sealed bulb and 9 amperes in a metal case,
both measuring no more than 35mm in
length. Typical applications include trans-
formers, chokes, heaters, motors, battery
chargers, soldering machines or any type of
electrical coil.

Cetronic Limited,

Ware Herts SG 12 8EJ,

England,
Telephone: 0920 871077
(2074 M)

Selective level meter

The first instrument to be manufactured in
the UK by W & G Instruments Ltd. is a selec-
tive level meter, designed and manufactured
at the Greenford-based company’s Plymouth
Factory, recently acquired in their takeover
of Hatfield Instruments.

Designated SPM-30, this selective level meter
is compact and accurate with a wide fre-
quency range of 200 Hz to 1.6 MHz. The
instrument is also capable of wideband level
measurement and has been specifically de-
signed for the surveillance and maintenance of
modern FDM systems.

Features include semi-automatic calibration
and a synthesised local oscillator which
greatly increase the accuracy and stability of
frequency control enabling 1 Hz resolution
in tuning. Frequency setting is shown on a
seven segment liquid crystal display. The
meter is equally suitable for measurements
in the audio frequency range and on balanced
or unbalanced FDM systems up to 300 chan-

nels

Another feature of the SPM-30 is the fast
signal detector. While tuning through a range
of frequencies a signal may appear so momen-
tarily that the meter is unable to respond.
However, if the signal is higher in level than
a certain defined threshold then the signal
detector LED will illuminate for half a
second. Location of discrete frequency signals
is therefore very much simplifie

The measurement bandwidth is switchable
between 24 Hz and 1.7 kHz. Wideband is
selected for rough or end-to end measure-
ments, to speed level measurements, and to
enable noise measurements on voice channels,
effective noise bandwidth being equal to that
of the CCITT psophometrically weighted
filter.

The SPM-30 can be used in conjunction with
the built-in Tracking Generator PSE-30 which
supplies both a balanced output signal in the
range 200 Hz to 620 kHz and an unbalanced
output signal from 200 Hz to 1.62MHz
Levels are continuously adjustabled from
+10 dB down to —60 dB. The combination
of SPM-30 and PSE-30 forms a complete level
measuring set-up_for making end to end
measurements on FDM systems.

The instruments are housed in a compact
diecast metal case fitted with a convenient
carrying handle, and operates from AC mains
or internally fitted re-chargeable batteries.
00n behalf of:

W& G Instruments Ltd.,

Progress House

142 Greenford Road,

Greenford, Middlesex.

Telephone: 01575 3020

(2103 M)
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ELEHTOR BOOH SERVICE

JUNIOR COMPUTER BOOK 1 — for anyone wishing to become familiar with (micro)computers, this book
gives the opportunity to build and program a personal computer at a very reasonable cost.
Price — UK 3258 Overseast!li. U L AR RO G, £4.50

JUNIOR COMPUTER BOOK 2 — follows in a logical continuation of Book1, and contains a detailed app-
raisal of the software. Three major programming tools, the monitor, an assembler and an editor, are dis-
cussed together with practical proposals for input output and penpherals

Price — UK £4.75  Overseas . £6.00

300 CIRCUITS for the home constructor — 300 projects ranging from the basic to the very sophlstlcated
Price — UK 8758 "Bverseas it ol et R £4.

DIGIBOOK — provides a simple step-by- step introduction to the basic theory and application of dlgltal
electronics and gives clear explanations of the fundamentals of digital circuitry, backed up by experiments
designed to reinforce this newly acquired knowledge Supplied with an expenmemer 's PCB.

Price— UIC TS s o 5I008 JCverseas, 500wl n . £5.25
FORMANT — complete constructional dElaI|5 of the Elektor Formant Syntheslser — comes W|th a FREE
cassette of sounds that the Formant is capable of producing together with advice on how to achieve them.

PriCe — LI Wlite e Rt e ooy £4.75  Overseas £5.00
SC/MPUTER (1) — describes how to build and operate your own microprocessor system — the first book of
a series — further books will show how the system may be extended to meet various requirements.

AR S A R S R S s ot E3 9B Overseas ™, E L £4.20
SC/MPUTER (2) — the second book in the series. An updated version of the monitor program (Elbug I1)
is introduced together with a number of expansion possibilities. By adding the Elekterminal to the
system described in Book 1 the microcomputer becomes even more versatile.

Price— UK NSRS AR 00 et - o £4.258 - TOverseas . o b il bR sl et £4.50
BOOK 75 — a selection of some of the most interesting and popular construction projects that were
originally published in Elektor issues 1 to 8.

Price™ UKS stas et auamada s . - £3.75  Overseas .

£4.00




e P s554‘55

e
20030 | n
9 TOE \ ,.mm ““;’5?‘33”;@338“ ot e® °®
“55 AT
e x\\\a“”‘“ c“‘“ "L. @ @ @ 0®0,y
ﬂ e lw
v

\ °® e i o 3

doot Pagom ot
e R “\w““
G e G

‘:f:;f o STy

For personal service visit one of our stores.
QOur new store at Hammersmith is conveniently situated near the end
of the M4 and the North and South Circular Roads.
There is excellent street parking on meters a few steps away and
Hammersmith Underground Station is nearby. Call in and see us soon.

inowr @
CATALOGUE @

320 big pages packed with
data and pictures of o
over 5,500 items o

ame day service on in-stock lines

Over 100,000 copies sold already!
Don’t miss out on your copy. jery large percentage of our stock lines in stock
Il prices include VAT

arge range of all the most useful components

irst class reply paid envelope with every order

uality components—no rejects—no re-marks \
ompetitive prices ‘
four money is safe with a reputable company

On sale now in all branches

WH Smith Evice £1.
In case of difficulty check the coupon below.

make iteasy...

th On price, service, stock, quality and security it makes
® ® . ® . Wi MIRPLIM ensenow more han ever to make FYAGDAARY your
Py “\ A ‘o first choice for components every time!
0 e g
o Wil g
SRR
et e
Gt o "
® - e Post this coupon now. E1081
%0 000, ol e b Pt o
(i ! con relu
o superb specification. catalogue to you and have my money refunded. If you live outside the

Comparable with organs selling for
upt0£1,000.  Send for our.new
book giving full construction
details, order as XH55K

price £ 2.50 inclusive.

I-m':“@"-’)“_'"n ELECTRONIC SUPPLIES LTD.

All mail to:  P.0. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend (0702) 554155  Sales: (0702) 552911

UK_send £1.68 or 12 Intemational Reply Coupons,
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